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A b s t r a c t

I

GLYOXAL MONOACETAL AND A GENERAL SYNTHESIS OF ot.P- 

UNSATURATED ALDEHYDES

I I

AN APPROACH TO 1 3 -METHYLPHENALENE-A BRIDGED [12]ANNULENE

by

P a u l  D av id  N o ire

A d v i s e r :  P r o f e s s o r  K la u s  G. Grohmann

I

The h e r e t o f o r e  i n a c c e s s i b l e  g l y o x a l  m o n o d i e t h y l a c e t a l  

h a s  b e e n  s y n t h e s i z e d  i n  e x c e p t i o n a l l y  h ig h  y i e l d  and  

p u r i t y  by t h e  low  t e m p e r a t u r e  o z o n o l y s i s  o f  a c r o l e i n  d i -  

e t h y l a c e t a l ,  ( e q  a ) .

1 . 0o/CHo0H/-78°C
HpC=CH-CH( OEt) ? ■■■<■ - / ________ f e  ( E tO ) 9CH-CHO

2 2 .  CH3SCH3/0»C  ( e q  a

A g e n e r a l  s y n t h e s i s  o f  a » P - u n s a t u r a t e d  a ld e h y d e s  h a s  b e e n  

d e v e lo p e d  by  t h e  W i t t i g  c o n d e n s a t i o n  o f  g l y o x a l  m o n o a c e ta l  

an d  i .  a l l y l i c  and  b e n z y l i c  p h o s p h o r a n e s ,  i i .  p r im a r y  and  

s e c o n d a r y  p h o s p h o r a n e s ,  an d  i i i .  s t a b i l i z e d  p h o s p h o r a n e s ,

( e q  b ) .
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(C6H5 ) 3P=CRR' + ( E t 0 ) 2CH-CH0  ► RR'C=CH-CHO

( e q  b)

A p r e c u r s o r  t o  t h e  c y c lo h e x y l  com ponen ts  o f  t h e  pherom one 

o f  t h e  b o l l  w e e v i l  h a s  b e e n  s y n t h e s i z e d  u s i n g  t h i s  a p p r o a c h .

A p r e c u r s o r  t o  t h e  l o n g  s o u g h t  b r i d g e d  [ 1 2 ] a n n u l e n e ,

3 , 8 - o c t a l i n d i o n e  , ( e q  c ) .  The k e y  i n t e r m e d i a t e  e n e d io n e ,  

( e q  c), was s y n t h e s i z e d  from  c i s - o c t a l i n d i o n e  by  a  M ic h a e l  

r e a c t i o n  f o l l o w e d  by e s t e r  c l e a v a g e  and  a l d o l  c o n d e n s a t i o n  

t o  a f f o r d  a  p h e n a l e n e - t y p e  s k e l e t o n ,  ( e q  c ) .  The e n e d io n e  

was t h e n  c o n v e r t e d  t o  t h e  d e s i r e d  t r i e n e  p r e c u r s o r  by  r e ­

d u c t i o n  and  d e h y d r a t i o n ,  ( e q  c ) .

I I

1
13 -m e th y lp h e n a le n e ,  h a s  b e e n  s y n t h e s i z e d  s t a r t i n g  from  c i s - -

1 3 -Me t h y l p h e n a l e n e

(e q  c)



A cknow ledgem ent

The a u t h o r  w is h e s  t o  e x p r e s s  h i s  g r a t i t u d e  t o  P r o f e s s o r

K la u s  G. Grohmann f o r  h i s  g u id a n c e ,  e n c o u r a g e m e n t ,  and

f r i e n d s h i p  d u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n .  Mr.
13Mukund S i b i  k i n d l y  o b t a i n e d  t h e  -'C-NMR s p e c t r a .  F i n a l l y ,  

t h e  a u t h o r  w is h e s  t o  e x p r e s s  h i s  a p p r e c i a t i o n  t o  a l l  h i s  

c o l l e a g u e s  i n  t h e  l a b o r a t o r y  f o r  t h e i r  g e n e r a l  h e l p  and  

a d v i c e .  ■......*"
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F o rew o rd

'The s y n t h e t i c  c h e m is t  i s  more t h a n  a  l o g i c i a n  and  
s t r a t e g i s t ;  he i s  a n  e x p l o r e r  s t r o n g l y  i n f l u e n c e d  t o  s p e c u l a t e ,  
t o  im a g in e ,  an d  e v e n  t o  c r e a t e .  T h ese  a d d ed  e l e m e n t s  p r o ­
v id e  t h e  t o u c h  o f  a r t i s t r y  w h ic h  c a n  h a r d l y  he  i n c l u d e d  
i n  a  c a t a l o g u i n g  o f  t h e  b a s i c  p r i n c i p l e s  o f  S y n t h e s i s ,  b u t  
t h e y  a r e  v e r y  r e a l  and  e x t r e m e l y  i m p o r t a n t .  F u r t h e r ,  i t  
m u s t be  e m p h a s iz e d  t h a t  i n t e l l e c t u a l  p r o c e s s e s  s u c h  a s  t h e  
r e c o g n i t i o n  an d  u s e  o f  s y n th o n s  r e q u i r e  c o n s i d e r a b l e  a b i l i t y  
and  k n o w led g e ;  h e r e ,  t o o ,  g e n i u s  an d  o r i g i n a l i t y  f i n d  am ple 
o p p o r t u n i t y  f o r  e x p r e s s i o n .

The p r o p o s i t i o n  c a n  be a d v a n c e d  t h a t  many o f  t h e  m o st 
d i s t i n g u i s h e d  s y n t h e t i c  s t u d i e s  have  e n t a i l e d  a  b a l a n c e  
b e tw e e n  two d i f f e r e n t  r e s e a r c h  p h i l o s o p h i e s ,  one em bodying  
t h e  i d e a l  o f  a  d e d u c t i v e  a n a l y s i s  b a s e d  on known m e th o d o lo g y  
and  c u r r e n t  t h e o r y ,  and  t h e  o t h e r  e m p h a s iz in g  i n n o v a t i o n  and  
e v en  s p e c u l a t i o n .  The a p p e a l  o f  a  p ro b le m  i n  s y n t h e s i s  and  
i t s  a t t r a c t i v e n e s s  c a n  be  e x p e c t e d  t o  r e a c h  a  l e v e l  o u t  o f  
a l l  p r o p o r t i o n  t o  p r a c t i c a l  c o n s i d e r a t i o n s  w h en ev e r  i t  
p r e s e n t s  a  c l e a r  c h a l l e n g e  t o  t h e  c r e a t i v i t y ,  o r i g i n a l i t y  
and  i m a g i n a t i o n  o f  t h e  e x p e r t  i n  s y n t h e s i s ' .

E. J .  C o rey  i n  P u re  A p p l.  C h em ., I k ,  JO ( 1 9 6 7 ) .
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C h a p t e r  One

P r e v i o u s  S y n t h e t i c  A p p ro a c h e s  To a ,[3- U n s a t u r a t e d  A ld e h y d es
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S y n t h e t i c  o r g a n i c  c h e m i s t s  have  o f t e n  b e e n  com pared  w i th

a r t i s t s  an d  a r c h i t e c t s .  I n  f a c t  a  p o p u l a r  t e x t  i s  e n t i t l e d
1

" A rt  I n  O rg a n ic  S y n t h e s e s " .  One n e e d  o n ly  lo o k  a t  an y  o f
2t h e  e x c e l l e n t  t e x t s  on n a t u r a l  p r o d u c t s  c h e m i s t r y  t o  s e e  

how d i v e r s e  an d  com plex  t h e s e  m o le c u le s  c a n  b e .  T h e re  a r e  

many m o le c u le s  o f  t h e o r e t i c a l  i n t e r e s t  w h ich  a l s o  c a n  c h a l l e n g e  

t h e  s k i l l  o f  t h e  s y n t h e t i c  o r g a n i c  c h e m i s t .  Cubane an d  t h e  

s t i l l  unknown d o d e c a h e d ra n e  a r e  j u s t  two e x a m p le s .

O rg a n ic  c h e m i s t s  a r e  c o n s t a n t l y  en g ag e d  i n  t h e  s tu d y  

o f  im p r o v in g  p r e v i o u s  s y n t h e t i c  m e th o d o lo g y .  One exam ple  

o f  t h i s  i s  i n  t h e  s t e r o i d  f i e l d .  W. S. J o h n s o n ' s  b io m im e t ic  

p o ly e n e  c y c l i z a t i o n  h a s  t h e  p o t e n t i a l  o f  b u i l d i n g  t h e  t e t r a ­

c y c l i c  s t e r o i d  n u c l e u s  from  e s s e n t i a l l y  a c y c l i c  p r e c u r s o r s
3

m  one s t e p ,  and  w i t h  c o r r e c t  s t e r e o c h e m i c a l  o r i e n t a t i o n !

The a , g - u n s a t u r a t e d  a ld e h y d e  u n i t  i s  fo u n d  i n  n a t u r e  and  

h a s  b r o a d  u s e s  i n  t r a n s f o r m a t i o n s  t o  o t h e r  s t r u c t u r a l  t y p e s .  

Some o f  t h e s e  t r a n s f o r m a t i o n s  a r e  i l l u s t r a t e d  i n  summary form  

i n  F i g u r e  1.

I n  v ie w  o f  t h e i r  s y n t h e t i c  u t i l i t y  a s  i n t e r m e d i a t e s  and  

a l s o  a s  t a r g e t  m o le c u le s  i n  n a t u r a l  p r o d u c t s  s y n t h e s i s ,  t h e  

f o r m a t i o n  o f  t h e  a , p - u n s a t u r a t e d  a ld e h y d e  m o ie ty  h a s  r e c e i v e d  

some a t t e n t i o n  i n  t h e  r e c e n t  c h e m ic a l  l i t e r a t u r e .  Some o f  

t h e s e  m e th o d s  w i l l  be  d i s c u s s e d  and  i l l u s t r a t e d .
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F ig u r e  1 . Some T r a n s f o r m a t i o n s  Of The E n a l  M o ie ty .

RCH=CH-CH0

► R< I

^  R C ^H -C H O

► RCH2CH2CH0

► RR'CH-CHR"-CHO

► RCH=CH-CHR' (OH) 

— CHO

G>- RCH=CH-CH
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A. M eyers  and  c o - w o r k e r s  have  cham pioned  t h e  u se  o f  

1 , 3 - d i h y r o o x a z i n e s  and  t h e i r  d e r i v a t i v e s  i n  a  s y n t h e s i s  o f  

a , £3- u n s a t u r a t e d  a ld e h y d e s  and  o t h e r  t y p e s  o f  a ld e h y d e s  and  

k e t o n e s  ( eq  1 ) .  ^

n -B uL i

N ^ C H 3
■ r V ~  / v

i . ^ c  =  0

2 .  H20

H^O

( 1 )

CHO

The y i e l d s  i n  t h i s  s e q u e n c e  r a n g e  from  *1-0-60$. Note 

t h a t  i n  o r d e r  t o  p ro d u c e  a  c a r b o n y l  compound i t  i s  n e c e s s a r y  

t o  u s e  a  c a r b o n y l  compound a s  one o f  t h e  r e a c t a n t s .  One 

a d v a n ta g e  o f  t h i s  a p p r o a c h  i s  t h a t  sod ium  b o r o d e u t e r i d e  c a n  

be u s e d  i n  t h e  r e d u c t i o n  s t e p .  T h i s  r e s u l t s  i n  d e u te r iu m  

i n c o r p o r a t i o n  a t  C - l  o f  t h e  e n a l .

E. J .  C o rey  an d  c o - w o r k e r s  have  u s e d  1 , 3 - b i s ( m e t h y l t h i o )  

a l l y l l i t h i u m  i n  a  s y n t h e s i s  o f  e n a l s . ^  T h i s  t r a n s f o r m a t i o n  

i s  i l l u s t r a t e d  i n  eq  2 .
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P C H 3

5Hn C H C H = C H S C H 3 

SC H ,

( 2 )

C g H ^ -C H y C H -C H O

The s t a r t i n g  m a t e r i a l s  a r e  e a s y  t o  p r e p a r e  a n d  t h e  y i e l d s  

a r e  7 0 -8 0 # .  A n o th e r  a d v a n t a g e  i s  t h a t  a n  a l k y l  h a l i d e  c a n  

b e  u s e d  t o  t r a p  t h e  a l l y l l i t h i u m  r e a g e n t .  A l k y l  h a l i d e s  a r e  

g e n e r a l l y  r e a d i l y  a c c e s s i b l e .

I n  a n o t h e r  s y n t h e s i s  o f  t r a n s - 2 - o c t e n a l  C o re y  an d  T e r a -  

sh iraa  h a v e  u s e d  t h e  c o m m e r c i a l l y  a v a i l a b l e  2 - o c t y n - l - o l  a s  

shown i n  e q  3 • ^

c 5h 11o c c h 2o r

R=THP

n - B u L i ,  -25°C +  [C^K11C=C=C0R]~Li+

( 3 )

C5H1 ;LCH=C=CH0R H~0 +
- L . — ► C - H ,1CHCH-CHO 5 11 t

I n  p r i n c i p l e  a n y  p r o p a r g y l i c  a l c o h o l  c a n  b e  u s e d .
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L ero u x  and Roman have  u s e d  a l l e n i c  and  p r o p a r g y l i c  e t h e r s  

t o  g e n e r a t e  a , f 3 - u n s a tu r a te d  a l d e h y d e s .  The r e a c t i o n  

s eq u e n c e  i s  shown i n  eq  4 .

C5H11-C =  C-CH2OGH3 n - B u t y l l i t h i u m ,  78°C c ^ ^ C C H O C l ^

C3H1;LC =  C-CHOCH3 - RX y  C5H1 ;LCR=C=CHOCH3

R=CH3 ( f ro m  (CH3 ) 2S0 ^)

R=C2H3 ( f ro m  (C gH ^gSO ^) 

R=Si(CH3 ) 3 ( f ro m  (CH3 ) 3S iC l )

H„0+
3 y  c 3h 1 ;lc r= c h -c h o

I n  a  n o v e l  s y n t h e s i s  o f  e n a l s  N ak a i  and  c o - w o r k e r s  have 

u se d  S - a - l i t h i o a l l y l  d i t h i o c a r b a m a t e s  a s  t h e  k ey  i n t e r m e d i a t e s
Q

and a  [ 3 »3 ] - s i g m a t r o p i c  r e a r r a n g e m e n t  a s  t h e  key  s t e p ,  ( e q  5 )* 

C orey  and  c o - w o r k e r s  have  r e p o r t e d  a n o t h e r  s y n t h e s i s  o f  

e n a l s  from  p r im a r y  t e r t - b u t y l  im i n e s ,  o r  N ,N -d im e th y l  

h y d ra z o n e s  by s i l y l a t i o n ,  m e t a l a t i o n ,  t r e a t m e n t  w i t h  an  

a ld e h y d e  o r  k e t o n e ,  and  t h e n  h y d r o l y s i s  t o  t h e  e n a l .  T h is  

work i s  shown i n  eq 6 . ^ a



R fl 1 . LDA
SCN(CH3 ) 2 2 . R 'X®

[3,3]
R

(5)

1 . LDA

2 . CH3SSCH3

R
R

s J n ( c h 3 ) 2

SCH3 HgCl

CHO

B R

X = CN(CHo)o 
II 3 2  
S

1 . LDA
2 . CH3SSCH'

SCH.

R SX [3,3]

1.. LDA
R

HSC1 2 > HO

RCH9CH=X 1 ‘_LDA________ w RCH-CH=X 1 ’ LDA
f  2 . (C H o)oS iC lr  J ._ _   ►

X=N C i,Hq 3 3 b —  2 .  R 'CHO o r
^  y 0=CR'R"

o r  NN(CH3 ) 2
( 6 )



T h i s  p a r t i c u l a r  work by  C o rey  e t  a l .  i s  b a s e d  on a n  e x t e n ­

s i o n  o f  t h e  p i o n e e r i n g  work o f  W i t t i g  and  c o - w o r k e r s ,  who

d e v e lo p e d  t h e  p r i n c i p l e s  o f  t h e  d i r e c t e d  a l d o l  c o n d e n s a t i o n  

t h r o u g h  t h e  in te r m e d ia c  

i s  i l l u s t r a t e d  i n  eq  7-

9bt h r o u g h  t h e  i n t e r m e d i a c y  o f  m e t a l a t e d  S c h i f f  b a s e s .  T h i s

CH3CH0 + I I ---------------> CH3CH=N-C6H11 - LDA—

( 7 )

L i +  - c h 2 o h = n - c 6 h u  -  »  R R ' E - C H 2 T  h

' • l  .+.. ■ 6 11Lx

H30 +
RR 'C=CH-CHO

The m e t a l a t e d  S c h i f f  b a s e  c a n  r e a c t  w i t h  k e t o n e s  and  a l d e h y d e s .  

When t h e  p r o t o n  t o  be rem oved by  l i t h i u m  d i i s o p r o p y l a m i d e  

(LDA) i s  made more s t e r i c a l l y  c o n g e s t e d ,  t h e  y i e l d s  a r e  

fo u n d  t o  d e c r e a s e .

M eyers  and  M alone have  r e p o r t e d  a n  i n t e r e s t i n g  m o d i f i c a ­

t i o n  o f  t h e i r  e a r l i e r  1 , 3 - o x a z i n e  work u t i l i z i n g  t h e  phosphon ium
10s a l t  o r  p h o s p h o n a te  d e r i v e d  from  2 - c h l o r o m e t h y l - l , 3 - o x a z i n e .

T h i s  s y n t h e s i s  o f  a , p - u n s a t u r a t e d  a ld e h y d e s  and  k e t o n e s  i s  

i l l u s t r a t e d  i n  eq  8 .
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1 .  n -B u L i

2 .  RCHO

P a u l i n g  an d  c o - w o r k e r s  have  u s e d  t h e  M e y e r - S c h u s t e r  r e a r r a n g e ­

m ent u t i l i z i n g  t h e  new c a t a l y s t  t r i s ( t r i p h e n y l s i l y l ) v a n a -
1 1date(V) in a synthesis of enals, (eq 9)-

T
[ ( C 6H5 ) 3S iO ]3VO +  ►  (0 3S i O ) 2H, > < R

(9)
R*

[3.3] II ( C AH - ) , S i O H
 X\A j y   L J L 2 ---- ^  RR'C=CH-CH0

X =[(C 6H5 ) 3SiO ] 2
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T r a a s  h a s  r e p o r t e d  a n  e f f i c i e n t  s y n t h e s i s  o f  a , g - u n s a t -  

u r a t e d  a l d e h y d e s  from  t o s y l h y d r a z o n e s  by  t r a p p i n g  t h e  i n t e r ­

m e d ia te  l i t h i u m  a l k e n y l  w i t h  d im e th y l fo r m a m id e  (DMF) and

s u b s e q u e n t  h y d r o l y s i s ,  ( e q  1 0 ) . 12

r ^ N N H - T s _ .  .Y n-Buijj.
'Or

R

J-
CHO

DMF

( 1 0 )

U sin g  a  c o p p e r ( I )  b ro m id e  c a t a l y z e d  G r ig n a r d  a d d i t i o n  t o  

p r o p a r g y l  a ld e h y d e  d i e t h y l a c e t a l , V erm eer an d  c o - w o r k e r s  have 

s y n t h e s i z e d  a l l e n i c  e t h e r s  an d  e n a l s .  T h e i r  m e thod  i s  i l l u s ­

t r a t e d  i n  eq  1 1 .

RMgBr + HCs C ~ C h (0 C 2H5)  i:H.Br

R C H = C = C H —O C 2H5
H30

(R ') CuMgBr

R'= R C H = C - C H ( 0 C 2Hg)

( U )

R C H = C H —CHO

W o lle n b e rg  and c o - w o r k e r s  hav e  r e c e n t l y  r e p o r t e d  a n  

e f f i c i e n t  an d  f a i r l y  s im p le  s y n t h e s i s  o f  a , 3 - u n s a t u r a t e d  

a l d e h y d e s . ^  They u se  a  n u c l e o p h i l i c  a c e t a l d e h y d e  e q u i v a l e n t ,
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nam ely  c i s - 2 - e t h o x y v i n y l l i t h i u m .  T h i s  compound i s  p r e p a r e d  

from  t h e  h y d r o s t a n n a t i o n  o f  t h e  c o m m e rc ia l ly  a v a i l a b l e  e th o x y -  

a c e t y l e n e  by  t r e a t m e n t  w i th  n - b u t y l l i t h i u m .  The r e s u l t i n g  

v i n y l l i t h i u m  compound i s  t h e n  t r a p p e d  w i t h  a n  a ld e h y d e  o r  

k e t o n e .  The r e a c t i o n  s e q u e n c e  i s  i l l u s t r a t e d  i n  eq  12.

A C M ( - - C4H9 )q g nH ^  n -B u L i

2 S (c4H9)Sn_ v DC2H5 ' Li-

OH . . (12)
0=CRR' o r  I S i l i c a  G e l

-«** R - C - = k .   R -
R C H 0  L  ° C 2H 5 C H 0R

F i n a l l y ,  a  s e r i e s  o f  two c a r b o n  p h o s p h o ra n e s  and  p h o sp h o n -  

a t e s  have b e e n  u s e d  i n  f o r m y l o l e f i n a t i o n  r e a c t i o n s .  T r i p p e t t  

and  W alker  p r e p a r e d  f o r m y lm e th y le n e t r i p h e n y lp h o s p h o r a n e  _I_, a  

s t a b i l i z e d  p h o s p h o ra n e  w hich  r e a c t s  w i t h  a l d e h y d e s ,  b u t  s i g ­

n i f i c a n t l y  n o t  w i t h  k e t o n e s ,  t o  p ro d u c e  (E )-oc , p - u n s a t u r a t e d  
1 ^aa ld e h y d e s .  J T h i s  W i t t i g  r e a c t i o n  i s  i l l u s t r a t e d  i n  eq  13-

o c 2h 5

(C6H5 ) 3P=CH-CHO + RCHO 

I

^  RCH=CH-CHO

(E i s o m e r  o n ly )
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D i e t h y l  f o r m y l m e t h y l p h o s p h o n a t e  d i e t h y l a c e t a l  11  h a s  b e e n  

p r e p a r e d  and  i t s  r e a c t i o n  w i t h  b e n z a l d e h y d e  h a s  b e e n  s t u d i e d .  

T h i s  p h o s p h o n a t e  was fo u n d  n o t  t o  r e a c t  w i t h  k e t o n e s . ' c 

The r e a c t i o n  o f  I I  w i t h  b e n z a l d e h y d e  i s  shown i n  eq  14 .

NaNHp
( c 2 h 5 o ) 2 p ( o ) c h 2 c h ( o c 2 h 5 ) 2 + C g H ^ C H O ------------ — ---- ^  ( 1 4 )

I I  C6H5CH=CH-CH(OEt)2

(E i s o m e r )

I n  a n  e x t e n s i o n  o f  t h e  p r e v i o u s  work ( e q  1 4 ) ,  N a g a ta  and  

c o - w o r k e r s  have  u s e d  t h e  c y c l o h e x y l  enamino p h o s p h o n a te  I I I  

i n  a n  e f f i c i e n t  s y n t h e s i s  o f  e n a l s .  The p h o s p h o n a t e s  r e a c t  

w i t h  a l d e h y d e s  and  k e t o n e s ,  ( e q  1 5 ) .

NaH
( E t 0 ) 2P(0)-CR=CH-NH-C6H11 + R'R"C=0   ^

™  (15)
H„0 +

R ,R"C=CR-CH=NC6H11  I  ^  R ,R"C=CR-CH0

R=H, CH3 , o r  CgH^CHg

A n o t h e r  u s e f u l  f o r m y l o l e f i n a t i o n  r e a g e n t  i s  1 , 3 - d i o x a n - 2 -
1 ^ey l m e t h y l t r i p h e n y l p h o s p h o n i u m  b ro m id e  IV .  T h i s  compound 

sm o o th ly  fo rm s  a n  y l i d  w h ich  t h e n  c a n  r e a c t  w i t h  a l d e h y d e s  

and  e n a l s  t o  g i v e  t h e  c h a i n  e x t e n d e d  a , p - u n s a t u r a t e d  a l d e h y d e  

(E i s o m e r  o n l y ) .  The y l i d  a l s o  r e a c t s  w i t h  9 - f l u o r e n o n e , b u t



much more s l u g g i s h l y  and  i n  l o w e r  y i e l d  t o  a f f o r d  a f t e r  

h y d r o l y s i s  f l u o r e n - 9 - y l i d e n e a c e t a l d e h y d e .  The u s e  o f  t h i s  

d i o x o l a n  i s  i l l u s t r a t e d  i n  eq  16.

RCHO +

RCH=CH-CH0
E

NaOMe, DMF
^  RCH=(Jtt-u-M

( 1 6 )

Some o f  t h e  m e th o d s  d i s c u s s e d  a r e  s im p le  and  g i v e  good 

y i e l d s  o f  t h e  a , 0 - u n s a t u r a t e d  a l d e h y d e s .  O t h e r s  s t a r t  w i t h  

n o n - r e a d i l y  a v a i l a b l e  compounds an d  go t h r o u g h  a  number  o f  

s t e p s  b e f o r e  t h e  f i n a l  p r o d u c t  i s  o b t a i n e d .  I n  many o f  t h e  

above c a s e s  a  common f e a t u r e  i s  t h e  u s e  o f  a  k e t o n e  o r  a l d e h y d e  

t o  p r o d u c e  t h e  d e s i r e d  a , 0 - u n s a t u r a t e d  a l d e h y d e .  The p ro b le m  

i s  t h a t  a l d e h y d e s  and  k e t o n e s  may n o t  a lw ay s  be  r e a d i l y  

a v a i l a b l e  a s  a  s t a r t i n g  compound. I f  a  g e n e r a l  a l d e h y d e  o r  

k e t o n e  component c o u l d  be  fo u n d ,  t h a n  t h e  s co p e  o f  f o r m y l -  

o l e f i n a t i o n  c o u l d  be  ex p an d e d  c o n s i d e r a b l y  and  made much 

more u s e f u l .  The p r o d u c t i o n  o f  j u s t  s u ch  a  g e n e r a l  a l d e h y d e  

component and  i t s  u se  i n  f o r m y l o l e f i n a t i o n  ( e n a l a t i o n )  make 

up t h e  r e m a i n d e r  o f  t h e  d i s c u s s i o n .



C h a p t e r  Two

D i s c u s s i o n



W ilc o x ,  Grohmann e t  a l .  have  r e p o r t e d  t h e  s y n t h e s i s  o f  t h e

u n u s u a l  h y d r o c a r b o n  V by  r e a c t i o n  o f  t h e  b i s - p h o s p h o n i u m  s a l t
1VI w i t h  d i m s y l  sod ium and  t h e n  w i t h  monomeric  g l y o x a l  VII  

( e q  1 7 ) .

Br"

p (c 6 h 5)3
CH CH.

2 Y " 2
B r '

1.

2 .

c h 2 -  s - c h 3NaT

0  0
I I  I I  

H - C - C - H

(17)

VII

VI V

B e s i d e s  t h e  d e s i r e d  h y d r o c a r b o n  V i n  12$ y i e l d ,  l a r g e  and  

v a r i a b l e  am ounts  o f  t h e  ’U n d e s i r e d "  a , (3- u n s a t u r a t e d  a l d e h y d e s  

were  p r o d u c e d .  G l y o x a l  was g e n e r a t e d  by t h e  p y r o l y s i s  o f  

t h e  c o m m e r c i a l l y  a v a i l a b l e  " g l y o x a l  t r i m e r "  (MC&B). Monomeric 

g l y o x a l  V II  seemed t h e  p e r f e c t  s y n t h o n  f o r  t h e  s y n t h e s i s  o f  

e n a l s  and  t h i s  g o a l  was p u r s u e d  i n  t h e  f i r s t  p r o j e c t

A. S y n t h e s i s  o f  a , p - U n s a t u r a t e d  A ld e h y d e s  From Monomeric 

G l y o x a l  V I I .

T h e re  a r e  a  number o f  r e p o r t s  i n  t h e  l i t e r a t u r e  c o n c e r n i n g  

t h e  W i t t i g  r e a c t i o n  o f  g l y o x a l  V I I , o r  g l y o x a l  p r e c u r s o r s ,  

s u c h  a s  t h e  sod ium  b i s u l f a t e  a d d i t i o n  com plex ,  w i t h  v a r i o u s  

W i t t i g  r e a g e n t s .  T hese  i n c l u d e  t h e  s y n t h e s i s  o f  m u cona ldehyde
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by  r e a c t i o n  o f  g l y o x a l  V II  w i t h  f o r m y l m e t h y l e n e t r i p h e n y l p h o s -

p h o r a n e j ,  ( e q  18) t h e  s y n t h e s i s  o f  1 , 4 - d i p y r i d y l - l  , 3 -
1 8b u t a d i e n e ,  ( e q  1 9 ) ,  and  t h e  s y n t h e s i s  o f  n a p h t h a l e n e  by  

r e a c t i o n  o f  g l y o x a l  V II  w i t h  o r t h o - x y l y l e n e  b i s - p h o s p h o r a n e  

V I I I , ( e q  2 0 ) . 19

0HC-CH0 + 2 (C,,HjoP=CH-CH0  t o  0HC-HC=CH-CH=CH-CH0
° 5 3 ^  TP TT

OHC-CHO + 2 

VII
0,

C ^ H ^ N - C H = C H - C H = C H - C ^ H j i j<N 
E E

(19)

OHC-CHO + 

VII
V I I I ( 2 0 )

W ith  t h e s e  e a r l i e r  r e f e r e n c e s  i n  hand  i t  seemed l o g i c a l  

t o  assume t h a t  f r e s h l y  g e n e r a t e d  g l y o x a l  s h o u l d  r e a c t  w i t h  

p h o s p h o r a n e s  i n  a  g e n e r a l  s y n t h e s i s  o f  e n a l s .  T h i s  i s  i l l u s ­

t r a t e d  i f /  eq  21 .  S i n c e  t h e  g l y o x a l  h a s  two r e a c t i v e  c a r b o n y l  

g r o u p s ,  p r o d u c t s  a r i s i n g  f rom b i s - a d d i t i o n  t o  t h e  c a r b o n y l  

g r o u p s  a r e  l i k e l y  t o  o c c u r ,  i . e .  RR'C=CH-CH=CRR' .



Monomeric g l y o x a l  was g e n e r a t e d  by  p y r o l y s i s  o f  " g l y o x a l  

t r i m e r "  (MC&B) i n  t h e  p r e s e n c e  o f  p h o s p h o r u s  p e n t o x i d e .  

e s s e n t i a l l y  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  Horwood, who s t u d i e d

y e l l o w - g r e e n  g a s  was p a s s e d  t h r o u g h  a  t u b e  c o n t a i n i n g  p o t a s s i u m  

h y d r o x i d e  p e l l e t s  and  was c o l l e c t e d  a t  -78°C i n  d r y  t e t r a -  

h y d r o f u r a n  (THF).  The p y r o l y s i s  was c o n d u c t e d  u n d e r  vacuum 

( w a t e r  a s p i r a t o r )  and t h e  w e ig h ed  g l y o x a l  was u s e d  i m m e d i a t e l y ,  

( eq  22) .

20t h e  k i n e t i c s  o f  t h e  d e c o m p o s i t i o n  o f  g l y o x a l  g a s .  The

G l y o x a l  T r i m e r  

(MC&B)
Monomer 2 5 - 3 0 %



P h o s p h o r u s  y l i d s  were  p r e p a r e d  by  s t a n d a r d  t e c h n i q u e s  

( s e e  e x p e r i m e n t a l  s e c t i o n ) .  The y l i d s  were  ad d ed  s l o w l y  t o  

a  s t i r r e d  s o l u t i o n  o f  g l y o x a l  V II  i n  THF. T h i s  method o f  

i n v e r s e  a d d i t i o n  p r o v e d  v e r y  cumbersome. The y e l l o w  g l y o x a l  

s o l u t i o n  was i m m e d i a t e l y  d e c o l o r i z e d  by  t h e  r e d  y l i d s  and  

t h e  m i x t u r e  was worked up  a f t e r  a  few h o u r s  o f  a d d i t i o n a l  

s t i r r i n g .  The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  a r e  p r e s e n t e d  i n  

T a b le  1.

T a b l e  l 21a
Wittig Reactions Using M onomeric Glyoxal

E n t r y  P-Ylid a,j3-Unsaturated Aldehyde Yield (Isolated)

1 Benzyl - trans-C innam aldehyde 39%
a -N aph thy l 43%

3  iso-Propyl - C H , CH = 0 62%

CH 3
^  Benzhydryl - ,CH = 0 45%

5  Cyclopentyl - 22%
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B. M o n o p r o t e c t e c t e d  G l y o x a l s  And The S y n t h e s i s  o f  G ly o x a l  

M o n o d i e t h y l a c e t a l  XV.

The p o o r  r e s u l t s  o b t a i n e d  w i t h  monomeric  g l y o x a l  VII

and t h e  e x p e r i m e n t a l  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  i t s  u s e ,

p ro m p ted  a  s e a r c h  o f  t h e  l i t e r a t u r e  f o r  a  m o n o p r o t e c t e d  form

o f  g l y o x a l  t h a t  c o u l d  be p r e p a r e d  i n  h i g h  y i e l d  f rom  c o m m e r c i a l l y

a v a i l a b l e  s t a r t i n g  m a t e r i a l s .

The l i t e r a t u r e  r e v e a l e d  a  number o f  p o s s i b i l i t i e s .  F a a s s

and  H i l g e r t  p r e p a r e d  g l y o x a l  m o n o e th y le n e  k e t a l  IX (R=H)

a s  a  d i s t i l l a b l e  l i q u i d  by  l e a d  t e t r a a c e t a t e  o x i d a t i o n  o f  
22g l y c o l  X, b u t  t h e  y i e l d  i n  t h i s  r e a c t i o n  was o n l y  35%.

G l y c o l  X was i n  t u r n  p r e p a r e d  i n  9̂%> y i e l d  by  p o t a s s i u m  p e r ­

m angana te  o x i d a t i o n  o f  a c r o l e i n  e t h y l e n e  k e t a l  X Ia  (R=H).

The o v e r a l l  s e q u e n c e  i s  shown i n  eq  23 .

KMnO

XI OH IX
X

4  (23 )

0 3/CH3 0H/-78°C

The k e t a l  IX (R=H) p o l y m e r i z e s  on s t a n d i n g .
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A f u r t h e r  l i t e r a t u r e  r e f e r e n c e '  r e f e r ' s  to. t h i s  com­

pound a s  a n  u n i s o l a t e d  i n t e r m e d i a t e  i n  t h e  s y n t h e s i s  o f  

m e t h y l  1 , 3 - d i o x o l a n e - 2 - c a r h o x y l a t e  X I I . The i n t e r m e d i a t e  

a l d e h y d e  IXa (R=H) was o b t a i n e d  by  o z o n o l y s i s  o f  a c r o l e i n

a c t u a l l y  p r o v e d  t o  be  t h e  k e y  i n  t h e  l a t e r  c h o i c e  o f  g l y o x a l  

m o n o d i e t h y l a c e t a l  a s  t h e  g e n e r a l i z e d  a l d e h y d e  component  ( v i d e  

i n f r a ) .  The o z o n o l y s i s  s e q u e n c e  i s  i l l u s t r a t e d  i n  eq  23.

S i m i l a r l y ,  Hahn and  M u x f e l d t  h ave  r e p o r t e d  t h e  o z o n l y s i s  

o f  t h e  e t h y l e n e  k e t a l  o f  m e t h y l  v i n y l  k e t o n e  Xlb  (R=CH^).

They o b t a i n e d  t h e  m o n o p r o t e c t e d  m e t h y l g l y o x a l  IXb (R=CH^),

m o n o p h en y lh y d ra zo n e  X I I I  and  t h e  m o n o m e th y lp h e n y lh y d ra z o n e  

XIV o f  g l y o x a l .  However,  t h e s e  compounds a r e  a v a i l a b l e  o n ly  

i n  52$ and  49$ y i e l d s  r e s p e c t i v e l y ,  w h ich  makes  them c o n s i d ­

e r a b l y  l e s s  a t t r a c t i v e  a s  t h e  g e n e r a l i z e d  a l d e h y d e  com ponen t .  

F u r t h e r m o r e ,  h y d r o l y s i s  o f  t h e  h y d r a z o n e  b a ck  t o  t h e  c a r b o n y l  

g ro u p  o f t e n  r e q u i r e s  h a r s h e r  c o n d i t i o n s  compared  t o  t h e  

a n a l o g o u s  a c e t a l  o r  k e t a l .

23ae t h y l e n e  k e t a l  X Ia  (R=H) i n  m e t h a n o l .  J T h i s  e x p e r i m e n t

F i s c h e r  and  Taube have  made u s e  o f  t h e

ohc- ch=n - nh- c 6h5

X I I I

ohc- c h=n - n ( ch3 ) -c 6h^

XIV

I n  1903 C. H a r r i e s  r e p o r t e d  t h e  p r e p a r a t i o n  o f  g l y o x a l

m o n o d i e t h y l a c e t a l  XV by o z o n o l y s i s  o f  a c r o l e i n  d i e t h y l a c e t a l
2 6XVI i n  w a t e r  and  work up w i t h  p o t a s s i u m  c a r b o n a t e , ( eq 2 4 ) .



HgC =CH-CH( O E t) g ^  0HC-CH(0Et)2

XVI XV

(24)

No y i e l d  o r  e x p e r i m e n t a l  v e r i f i c a t i o n  was g i v e n  e x c e p t  t h a t  a

b i s - p h e n y l h y d r a z o n e  was p r e p a r e d .  L a t e r  t h i s  work was r e p e a t e d  by
2 7F i s c h e r  and  B a e r .  They c o u l d  n o t  o b t a i n  t h e  m o n o a c e t a l  XV

2 5by t h e  H a r r i e s  p r o c e d u r e .  They a l s o  t r i e d  o z o n o l y s i s  

i n  e t h y l  a c e t a t e  and  d i c h l o r o m e t h a n e  w i t h  work up u s i n g  p a l l a ­

dium on b a r iu m  c a r b o n a t e ,  b u t  w i t h o u t  s u c c e s s .  They s u c c e e d e d  

i n  p r e p a r i n g  t h e  m o n o a c e t a l  XV by  o x i d a t i v e  c l e a v a g e  o f  

g l y c e r a l d e h y d e  d i e t h y l a c e t a l  XVII w i t h  l e a d  t e t r a a c e t a t e  i n  

50 -5 3 $  y i e l d .  Modern s y n t h e s e s - ^ 3-’ ^5 0 f  - ^ g  m o n o a c e t a l  

XV by  t h i s  t e c h n i q u e  have  g i v e n  c o n s i s t e n t  y i e l d s  o f  3 0 -4 0 $ .

The F i s c h e r - B a e r  s y n t h e s i s  i s  shown i n  eq  25 .

C H (0E t ) g p b (o A c )^

H-C-OH --------------------► XV (25)

c h 2oh

XVII

F i s c h e r  and  Taube m e n t i o n e d  o b t a i n i n g  t h e  same m o n o a c e t a l  

XV by  l e a d  t e t r a a c e t a t e  o x i d a t i o n  o f  t a r t a r i c  a l d e h y d e  t e t r a -  

e t h y l a c e t a l  X V I I I , ( e q  2 6 ) . 28
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CH(OEt)?
I P b ( 0 A c )4

H-C-OH   XV (26)
I W

H-C-OH

i n ( 0 E t ) 2

XVIII

F i s c h e r  and  B a e r  r e p o r t e d  t h a t  t h e  compound p o l y m e r i z e d  

r e a d i l y  upon s t a n d i n g ,  b u t  t h a t  t h e  monomer c o u l d  be r e g e n ­

e r a t e d  by  p y r o l y s i s  ( d i s t i l l a t i o n ) .  They o b t a i n e d  a  b i s - p h e n y l -  

h y d r a z o n e  a s  a  d e r i v a t i v e ,  and  f o u n d  t h a t  t h e  m o n o a c e t a l  XV 

would  u n d e r g o  t h e  C a n n i z z a r o  r e a c t i o n  i n  c o l d  a l k a l i .  They 

o b t a i n e d  a  good e l e m e n t a l  a n a l y s i s  and  a l s o  a t t e m p t e d  m o l e c u l a r  

w e i g h t  d e t e r m i n a t i o n s  o f  t h e  monomer and  t h e  p o ly m e r  by 

c r y o s c o p i c  m e th o d s .  The r e s u l t s  f o r  t h e  p o ly m e r  were  n o t  

a c c u r a t e .  F i n a l l y ,  t h e y  p r e p a r e d  t h e  G r i g n a r d  a d d u c t  o f  t h e  

m o n o a c e t a l  XV w i t h  m e t h y l  magnes ium b r o m i d e .  The r e s u l t i n g

2 - h y d r o x y p r o p a n a l  d i e t h y l a c e t a l  gave  a  s a t i s f a c t o r y  e l e m e n t a l  

a n a l y s i s ,  ( e q  2 7 ) .

XV + CH^MgBr -------------- ^  CH3CH(OH) -CH(OEt) 2 ( 2 ? )

XIX

G l y o x a l  m o n o a c e t a l  XV h a s  b e e n  u s e d  v e r y  i n f r e q u e n t l y  

s i n c e  i t s  i n i t i a l  r e p o r t  i n  1903.  F i s c h e r  and  c o - w o r k e r s  

exam ined  t h e  a l d o l  c o n d e n s a t i o n  o f  XV w i t h  n i t r o m e t h a n e ,

( eq  28 ) )
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K 2 C ° 3
XV + CH^NOo —— ------------ ►  0 2NCH2CH(0H)-CH(0Et),

3  2  h 2 0

6o%

The m o n o a c e t a l  XV was u s e d  i n  a  m o d i f i c a t i o n  of '  t h e  

P o m e r a n z - F r i t s c h  i s o q u i n o l i n e  s y n t h e s i s ,  ( e q  2 9 ) . - ^

NH

CH3

H

Base

c h (o c 2h 5) .

( 2 9 )

N. V i n o t  u s e d  t h e  m o n o a c e t a l  XV i n  a  c o n d e n s a t i o n  w i t h  

1 , 8 - d i a m i n o n a p h t h a l e n e - ^ a  and  o t h e r  a r o m a t i c  and  a l i p h a t i c  

d i a m i n e s ^ ^ ^ a s  i l l u s t r a t e d  i n  eq s  30 an d  3 1 .

c h (o c 4h 5)

(28 )



H

XV +

n h 2 n h 2

H(OEt)

(31)

H2 NCH2CH2NH2 CHo-N=CH-CH(0Et)o
I 2 2
CH2 -N=CH-CH(0Et)2

R u s s i a n  w o r k e r s  have  r e p o r t e d  a  s y n t h e s i s  o f  t h e  mono­

d i e t h y l a c e t a l  XV and  m o n o d i m e t h y l a c e t a l  XX~Pa  ( e q  3 2 ) ,  by  a
27p r o c e d u r e  s i m i l a r  t o  t h a t  o f  F i s c h e r  and  B a e r ,  and  t h e n  u s e d  

t h e  a c e t a l s  i n  W i t t i g  r e a c t i o n s  w i t h  some s t a b i l i z e d  y l i d s  

a s  i l l u s t r a t e d  i n  eq  33

KMnO i,
CH3CH=CH-CH(0R)2 ________ ^  CH3CH(0H)-CH(0H)-CH(0R)2

R=Me> E t  P b (0 A c K
 . ^  0HC-CH(0R)2 XV (R=Et)

XX (R=Me)
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XV + OHC-CH=P(C6H5 ) 3 ---------- &  0HC-CH=CH-CH(0Et)2 (33)

i  E

M eyers  and  c o - w o r k e r s  u s e d  t h e  m o n o a c e t a l  XV i n  a  W i t t i g  

c o n d e n s a t i o n  w i t h  c a r b o e t h o x y  m e t h y l e n e t r i p h e n y p h o s p h o r a n e  XXI, 

( e q  3 4 ) . - ^  T hese  w o r k e r s  s p e c i f i c a l l y  p o i n t  o u t  t h e  d i f f i c u l t y  

i n  o b t a i n i n g  u s a b l e  q u a n t i t i e s  o f  t h e  m o n o a c e t a l  XV by t h e  

o x i d a t i o n  p r o c e d u r e  u s i n g  l e a d  t e t r a a c e t a t e .

XV + (C6H5 ) 3P=CH-COOEt ------------ ^  Et00C-CH=CH-CH(0Et)2

XXI E (34)

B a t t e r s b y  and  c o - w o r k e r s  u s e d  XV i n  a n  i n t e r m e d i a t e  s t e p
3 “5i n  t h e  s y n t h e s i s  o f  s c o u l e r i n e .

G l y o x a l  m o n o d i e t h y l a c e t a l  XV a p p e a r e d  t o  be a  u s e f u l  

f o r m y l o l e f i n a t i o n  s y n t h o n  i f  i t s  a c c e s s i b i l i t y  c o u l d  be 

im p r o v e d .  T h e r e f o r e ,  t h e  o z o n o l y s i s  o f  t h e  c o m m e r c i a l l y  

a v a i l a b l e  a c r o l e i n  d i e t h y l a c e t a l  XVI was r e e x a m i n e d .  When 

XVI was o z o n i z e d  a t  -78°C i n  d r y  m e t h a n o l , and  t h e  i n t e r m e d i a t e  

o z o n id e  worked  up  w i t h  d i m e t h y l  s u l f i d e ^  a  v e r y  h i g h  y i e l d ,  

c a .  9 0 -9 7 $  o f  9 3 -1 0 0 $  p u r e  g l y o x a l  m o n o a c e t a l  XV was o b t a i n e d  

a s  a  monomer.  The i m p o r t a n t  a s p e c t  o f  t h e  o z o n o l y s i s  seems 

t o  be  t h e  s o l v e n t ,  m e t h a n o l ,  w h ich  may s e r v e  a s  a  s c a v e n g e r  

o f  t h e  r e a c t i v e  f o r m a l d e h y d e  by  c o n v e r t i n g  i t  i n t o  i t s  s t a b l e  

h e m i a c e t a l .  Once v o l a t i l e s  a r e  removed u n d e r  vacuum, t h e  

m o n o a c e t a l  XV c a n  be  i s o l a t e d  by  d i r e c t  d i s t i l l a t i o n ,  ( e q  35)*



1.  0 , /C H ,0 H / -7 0 ° C
h 2 c = c h - c h ( 0 0 2 h 5 ) 2  2 |  C h 3 S C h 3 / 0 . 2 0 oB »  o h c - c h ( o c 2 h 5 ) 2

XVI XV ( 35)

With  mole  s c a l e  q u a n t i t i e s  o f  t h e  m o n o a c e t a l  XV now 

r e a d i l y  a v a i l a b l e ,  a n  e x a m i n a t i o n  o f  i t s  u t i l i t y  a s  a  f o r m y l -  

o l e f i n a t i o n  r e a g e n t  c o u l d  now b e  s t u d i e d  i n  d e t a i l .



I

_Z|4_

C. S y n t h e s i s  Of a , g - U n s a t u r a t e d  A ld e h y d e s  From G l y o x a l  

M o n o a c e t a l  XV.

A c o m p r e h e n s iv e  s t u d y  o f  t h e  W i t t i g  r e a c t i o n  b e tw e e n  

g l y o x a l  m o n o d i e t h y l a c e t a l  XV and  v a r i o u s  p h o s p h o r a n e s  was 

exam ined  i n  o r d e r  t o  a s c e r t a i n  w h e t h e r  XV i n d e e d  c o u l d  s e r v e  

a s  a  g e n e r a l  f o r m y l o l e f i n a t i o n  r e a g e n t  i n  t h e  s y n t h e s i s  o f  

a , g - u n s a t u r a t e d  a l d e h y d e s .  T h r ee  g e n e r a l  c l a s s e s  o f  y l i d s  

were  s t u d i e d :  1.  B e n z y l i c  and  a l l y l i c  p h o s p h o r a n e s ;

2 .  P r i m a r y  and  s e c o n d a r y  p h o s p h o r a n e s ;  3- S t a b i l i z e d  p h o s p h o r ­

a n e s .  D i f f e r e n t  c o n d i t i o n s  were  u s e d  f o r  e a c h  c l a s s .  The 

r e s u l t s  f rom  t h e s e  s t u d i e s  a r e  e x e m p l i f i e d  i n  t h e  f o l l o w i n g  

s e c t i o n s .

1.  B e n z y l i c  and  A l l y l i c  Phosphonium' S a l t s .

D u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n  t h e  optimum c o n ­

d i t i o n s  f o r  t h e  r e a c t i o n  o f  b e n z y l  o r  a l l y l - s t a b i l i z e d  p h o s ­

phonium s a l t s  were  d e t e r m i n e d  t o  be a n  i n  s i t u  m ethod  w i t h  

d im e th y l f o r m a m id e  (DMF) a s  t h e  s o l v e n t  and  l i t h i u m  e t h o x i d e  

o r  m e th o x id e  a s  t h e  b a s e . The b a s e  was ad d ed  s l o w l y  t o  a  

m i x t u r e  o f  t h e  phosphon ium  s a l t  and  t h e  m o n o a c e t a l  XV.

Y i e l d s  were  g e n e r a l l y  h i g h  u s i n g  t h i s  p r o c e d u r e  ( T a b l e  2 ) .

The i n t e r m e d i a t e  a , g - u n s a t u r a t e d  a c e t a l s  were  u s u a l l y  n o t  

i s o l a t e d  b e c a u s e  H-NMR showed t h e y  w ere  m i x t u r e s  o f  E and  Z 

i s o m e r s .  The c r u d e  a c e t a l s  were  h y d r o l y z e d  w i t h  d i l u t e  h y d r o -



-45-

c h l o r i c  a c i d  (HC1) i n  t e t r a h y d r o f u r a n  (TH F) . U s i n g  t h e s e  

r e a c t i o n  c o n d i t i o n s  s e c o n d a r y  phosphon ium  s a l t s  were  fo u n d  

t o  he  g e n e r a l l y  u n r e a c t i v e  ( T a b l e  2 ,  E n t r i e s  11 and  12 a r e  

e x c e p t i o n s ) . The g e n e r a l  r e a c t i o n  i s  d e p i c t e d  i n  eq  36  and  

t h e  r e s u l t s  a r e  shown i n  T a b l e  2 .

LiOEt/DMF
RCHgPtCgH^)^ X“ + XV ----------- --------^

R = v i n y l i c  o r  a r o m a t i c  
g r o u p

H~0 +
 1------ ^  RCH=CH-CH0

E

A f t e r  h y d r o l y s i s  t h e  a l d e h y d e s  t h a t  p o s s e s s  s t e r e o c h e m i s t r y

a b o u t  t h e  o l e f i n  g r o u p  w ere  a lw a y s  f o u n d  t o  be  t r a n s  ( E ) .
1

I n  a l l  c a s e s  t h e  v i n y l i c  p r o t o n s  e x h i b i t e d  H-NMR c o u p l i n g  

c o n s t a n t s  o f  1 5 -1 6  Hz.

RCH=CH-CH(OEt)g 
E a n d  Z

(36 )
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T a b l e  2

W i t t i g  R e a c t i o n s  W i th  G l y o x a l  M o n o a c e t a l  XV, I n  S i t u  P r o c e d u r e .  

E n t r y  P - S a l t  A c e t a l ( Y i e l d  %) A l d e h y d e ( Y i e l d  %)

1 B e n z y l -

2 B e n z h y d r y l -

C in n a m a ld eh y d e  ( 6 5 )

D i p h e n y l a c r o l e i n
(54)

a - N a p h t h y l -

C in n a m y l -

( 9 0 . 6 )

H( O E t) g

CH( OEt) 2 

[ O j ^ 6 4 . 2 )

o

( 8 1 )

HO

I s o b u t e n y l - ( ch3 ) 2c =c h - ch=chcho 

(73) E

o - M e t h y l b e n z y l -

H -  

CH2-
V U I a

XXV ( 8 9 . 2 )

x x i i  (47) a

-CHO (21)
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T a b l e  2 ( C o n t i n u e d )

E n t r y  P - S a l t  A c e t a l ( Y i e l d  %) A l d e h y d e ( Y i e l d  %)

8 E t h y l -

9 P e n t y l -

10 H e x y l -

11 C y c l o p e n t y l -

12 I s o p r o p y l -

,CH(0Et)9

( 2 1 )

(CH3 ) 2C=CH-CH(0Et)2

(9-5)

( E ) - 2 - B u t e n a l
(65)

( E ) - 2 - H e p t e n a l
(35)

( E ) - 2 - 0 c t e n a l  
( 2 8 )

E n t r y  7 r e p r e s e n t s  a  f a c i l e  s y n t h e s i s  o f  1 , 2 - b i s ( 2 - f o r m y l -

e t h e n y l ) b e n z e n e  X X I I , a  m o l e c u l e  p r e v i o u s l y  s y n t h e s i z e d  by
87S o n d h e im er  and  c o - w o r k e r s  by  more cumbersome m e th o d s .

The f i r s t  method i n v o l v e d  c o n d e n s a t i o n  o f  o r t h o - p h t h a l a l d e h y d e  

X X III  w i t h  c a r b o e t h o x y m e t h y l e n e t r i p h e n y l p h o s p h o r a n e  XXI, r e ­

d u c t i o n  o f  t h e  d i e s t e r  w i t h  d i i s o b u t y l a l u m i n u m  h y d r i d e  (DIBAL) 

t o  t h e  d i o l ,  an d  o x i d a t i o n  o f  t h e  d i o l  t o  t h e  d i a l  XXII 

w i t h  manganese  d i o x i d e ,  ( e q  37). The s e c o n d  s i m p l e r  a p p r o a c h  

i n v o l v e d  t h e  i n  s i t u  r e a c t i o n  o f  XXIII  w i t h  1 , 3 - d i o x o l a n - 2 -  

y l m e t h y l t r i p h e n y l p h o s p h o n i u m  b ro m id e  I V ^ e w i t h  l i t h i u m  

e t h o x i d e  a s  t h e  b a s e ,  ( e q  3 7 ) .
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O S
X X III

XXI

XXII ^ Mn0?

»CH=CHC00Et 

•CH=CHC00Et 

E and  Z i s o m e r s

I

(37)
DIBAL

H=C h- ch2oh 

IsV-ALch=ch-ch2oh

E and  Z i s o m e r s

D i a l  XXII h a s  b e e n  u s e d  i n  t h e  s y n t h e s i s  o f  a n n u l e n e s  

and  d i a l s  o f  t y p e  XXIV have  b e e n  u s e d  i n  s y n t h e s e s  o f  

a n n u l e n o - a n n u l e n e s .

37

CHO CHO

XXIV .

The d i a l  XXII was s e p a r a t e d  f rom  t h e  m a j o r  i m p u r i t y ,

l - m e t h y l - 2 - ( 2 - f o r m y l e t h e n y l ) b e n z e n e  XXV by c r y s t a l i z a t i o n ,  

( T a b l e  2 E n t r y  7 ) .  The l a t t e r  compound was p u r i f i e d  by  d i s t ­

i l l a t i o n  and  was compared  w i t h  a  sam ple  p r e p a r e d  by  i n d e p e n ­

d e n t  s y n t h e s i s  u s i n g  o u r  m e thod ,  ( T a b l e  2 E n t r y  6 ) .  The 

compounds were  i d e n t i c a l  i n  a l l  r e s p e c t s .  The f o r m a t i o n  o f



XXV f rom  t h e  o r t h o - x y l y l e n e b i s p h o s p h o n i u m  s a l t  V i l l a  c a n  he 

r a t i o n a l i z e d  a s  a  d e c o m p o s i t i o n  o f  a  phosphon ium  h y d r o x i d e ,

We i n v e s t i g a t e d  t h e  r e a c t i o n  o f  g l y o x a l  m o n o a c e t a l  XV w i t h  

t h e  b i s - y l i d  d e r i v e d  f rom  2 - b u t y n e - l , 4 - b i s p h o s p h o n i u m  s a l t  XXVII 

a s  a  r o u t e  t o  m o l e c u l e s  w i t h  p o t e n t i a l  i n  m a c r o c y c l e  and  

a n n u l e n e  s y n t h e s i s .  The r e a c t i o n  o f  1 , 4 - d i b r o m o - 2 - b u t y n e  

XXVI w i t h  two m o le s  o f  t r i p h e n y l p h o s p h i n e  i n  d r y  DMF p r o d u c e d  

t h e  d e s i r e d  b i s p h o s p h o n i u m  s a l t  XXVII. I n  p r e l i m i n a r y  

e x p e r i m e n t s  t h e  b i s - y l i d  f rom  t h i s  s a l t ,  fo rm ed  u n d e r  v a r i o u s  

c o n d i t i o n s ,  f a i l e d  t o  r e a c t  w i t h  b e n z a l d e h y d e . The o n ly  

r e a c t i o n  o b s e r v e d  was t h e  n u c l e o p h i l i c  a d d i t i o n  o f  n - b u t y l -  

l i t h i u m  t o  b e n z a l d e h y d e  f o r m i n g  1 - p h e n y l p e n t a n - l - o l  X X V II I . 

A p p a r e n t l y ,  t h e  b i s - y l i d  fo rm ed  u n d e r  t h e  c o n d i t i o n s  i n v e s -

39r e s u l t i n g  f rom b a s i c  work up  o f  t h e  r e a c t i o n .  7 T h i s  c o n c e p t  

i s  p r e s e n t e d  i n  e q  3 8 .

LiOEt

LiOH

R= CH=CH-CH(OEt)p 
E and  Z (38 )

Slow

R= CH=CH-CH0 
E
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t i g a t e d  was n o t  s t a b l e  and  may have  decomposed  v i a  a  b u t a -  

t r i e n e  r o u t e ,  ( e q  3 9 ) -

2 PX^ + BrCH2C=CCH2Br DM^» X3P+H2CC =  CCH2P+X3 Br

^ 6 ^ 3  xxvi s s m
  (39)

n -B u L i  X3P-CH^C=CCH2P+X3 B r " ______ p .  B r"  X3P+CH=C=C=CH2

I
C^H^CHO ^

C6H5CH(0H)-C^H9 D e c o m p o s i t i o n

XXVIII
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2.  P r i m a r y  And S e c o n d a r y  Phosphonium S a l t s .

The y l i d s  o f  p r i m a r y  and  s e c o n d a r y  a l k y l  phosphon ium  

s a l t s  were  g e n e r a t e d  i n  e i t h e r  THF, e t h e r ,  o r  hex an e  w i t h  

e i t h e r  n - b u t y l l i t h i u m ,  o r  p h e n y l l i t h i u m .  T h ese  p r e f o r m e d  y l i d s  

were  g e n e r a l l y  s t i r r e d  o v e r n i g h t  a t  a m b ie n t  t e m p e r a t u r e  and  

t h e n  a l l o w e d  t o  r e a c t  w i t h  f r e s h l y  d i s t i l l e d  g l y o x a l  m o n o a c e t a l  

XV ( 1 0 - 2 0 $  e x c e s s ) .  The r e a c t i o n  m i x t u r e s  were  s t i r r e d  f o r  

two h o u r s  , t h e n  two t o  t h r e e  e q u i v a l e n t s  'of s o l i d  p o t a s s i u m  

t e r t - b u t o x i d e  were  a d d e d ,  s t i r r i n g  was c o n t i n u e d  f o r  a n  

a d d i t i o n a l  t h r e e  h o u r s  and  t h e  r e a c t i o n s  were  worked up i n  

a  s t a n d a r d  manner  ( s e e  e x p e r i m e n t a l  s e c t i o n ) .

P o t a s s i u m  t e r t - b u t o x i d e  was ad d ed  t o  f a c i l i t a t e  t h e  c l o s u r e  

o f  t h e  i n t e r m e d i a t e  b e t a i n e .  The p r i n c i p l e s  i n v o l v e d  were
liQo

d e v e l o p e d  by S c h l o s s e r  and  C h r i s t m a n n .  The l i t h i u m  c o ­

o r d i n a t e d  i n t e r m e d i a t e  b e t a i n e  XXIX was f o u n d  t o  r a p i d l y  

exchange  l i t h i u m  f o r  p o t a s s i u m  when p o t a s s i u m  t e r t - b u t o x i d e  

was a d d e d .  The p o t a s s i u m - c o o r d i n a t e d  b e t a i n e  was f o u n d  t o  

e x t r u d e  KX ( X = h a l o g e n ) , l e a v i n g  t h e  y l i d  " s a l t  f r e e "  XXX 

S a l t - f r e e  y l i d s  were  shown t o  c l o s e  more r a p i d l y  t o  t h e  o l e f i n

p r o d u c t  and  t h e  y i e l d s  o f  o l e f i n  were  c o n s i s t e n t l y  h i g h e r
40a  bu s i n g  t h i s  t e c h n i q u e .  ’ These  p r i n c i p l e s  a r e  shown i n  

eq  40 .

T a b l e  3 p r e s e n t s  t h e s e  r e s u l t s .
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Y ^ P -C -R R '  L1X + R"CHO —— —^  Y^P-CRR-CHR-O- ------ LiX

Y= (C6H5 ) 3 XXIX
( 4 0 )

K 0 t Ci .Ho  . _ - Y o P O
4 2__ ^  Y ^ P - C R R - C H R - 0  ^  R R ' C = C H R "

-KX
T . n t „  „  " s a l t  f r e e "  XXX-lilt)
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T a b l e  3

W i t t i g  R e a c t i o n s  W i th  G l y o x a l  M o n o a c e t a l  XV, P r e f o r m e d  Y l i d s .  

E n t r y  P - S a l t  A c e t a l ( Y i e l d  # ) ** A l d e h y d e ( Y i e l d  fo)*

I s o p r o p y l -

H e x y l -

I s o p e n t y l -

3 - M e t h y l - 2 - b u t e n a l  
d i e t h y l a c e t a l  ( 6 3 )

2 - 0 c t e n a l  d i e t h y l ­
a c e t a l  ( 8 3 )

5 - M e t h y l - 2 - h e x e n a l  
d i e t h y l a c e t a l  (42)

4 2 - M e t h y l - 2 -  C.H 3
p r o p e n y l -  t f k ^ ^ C H ( O E t )  Q (2 1 )

5 C y c l o p r o p y l -  C H (0 E t )2

XXXI

3 - M e t h y l - 2 - b u t e n a l
(79)

( E ) - 2 - 0 c t e n a l  
(89)

5 - M e t h y l - ( E ) - 2 -  
h e x e n a l  ( 7 1 )»
60% when a c e t a l  
n o t  i s o l a t e d .

CH3 Ha

■ V 1Hb

(15)
CHO

6 C y c l o b u t y l -  >2 (68)
XXXII

C y c l o p e n t y l -

C y c l o h e x y l -

OCH(OEt) , 

(69)

a
C H ( 0 E t ) 2 
(17)

O '

HO
(78)

r ^ N s ^ H O
I J  (93)

B e n z y l - t - C  in n a m a ld eh y d e

(45)

* I s o l a t e d  f rom  t h e  a c e t a l ,  ** M i x t u r e  o f  i s o m e r s  w here  a p p l i c a b l e
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E n t r y  5 r e p r e s e n t s  t h e  f i r s t  s y n t h e s i s  o f  o c - c y c l o p r o p y l -  

i d e n e  a c e t a l d e h y d e  d i e t h y l a c e t a l  and  n i c e l y  com plem en ts  t h e
hi

r e c e n t l y  p u b l i s h e .d  r e s u l t s  o f  C o n ia  and  c o - w o r k e r s ,  who 

have  s y n t h e s i z e d  o t h e r  a - c y c l o p r o p y l i d e n e  compounds by t h e  

W i t t i g  r e a c t i o n  o f  c y c l o p r o p y l i d e n e t r i p h e n y l p h o s p h o r a n e  w i t h  

a - k e t o k e t a l s  and  a - k e t o a l d e h y d e s , o t h e r  t h a n  XV. Compound 

XXXI upon a c i d  h y d r o l y s i s  y i e l d e d  a  v e r y  u n s t a b l e  o c , p - u n s a t -  

u r a t e d  a l d e h y d e  w h ic h  decomposed  a f t e r  one n i g h t  i n  t h e  f r e e z e r .  

The a n a l o g o u s  c y c l o b u t y l i d e n e  compound XXXII a l s o  y i e l d e d  a n  

u n s t a b l e  a , 0 - u n s a t u r a t e d  a l d e h y d e .

3- S t a b i l i z e d  P h o s p h o r a n e s .

G ly o x a l  m o n o a c e t a l  XV was a l l o w e d  t o  r e a c t  i n  d r y  b e n z e n e , 

t o l u e n e ,  o r  p a r a - x y l e n e  w i t h  v a r i o u s  s t a b i l i z e d  y l i d s .  The
O *1 T*\

r e s u l t s  o f  t h e s e  e x p e r i m e n t s  a r e  p r e s e n t e d  i n  T a b l e  4 .

F l u o r e n y l i d e n e  d i e t h y l a c e t a l  ( T a b l e  4, E n t r y  4)  XXXIII 

i s  t h e  p r e c u r s o r  f o r  t h e  t h e o r e t i c a l l y  i n t e r e s t i n g  d i b e n z o -  

s p i r o [ 2 . 4 ] h e p t a t r i e n e  XXXIV, p r e p a r e d  by  K. Grohmann a c c o r d i n g  

t o  eq  41 .

TsNHNH,

1.  n -BuLi
2 .  h i /
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T a b l e  4

W i t t i g  R e a c t i o n s  W i th  G l y o x a l  M o n o a c e t a l  XV, R eso n an ce  

S t a b i l i z e d  Y l i d s .

E n t r y  P - Y l i d  A c e t a l f E  I s o m e r  o n ly )
( Y i e l d  i )

EtOOCCH= (C2H5 ° ) 2CH- CH=CH“C00E t  (73)

2 CH3Cr-CH= (C2H30 ) 2CH-CH=CH-C-CH3 (7 4 )

3 Et00CCH2-C-CH= (C2H50 ) 2CH-CH=CH-C-CH2-C00Et  (4 0 )

4 F l u o r e n y l - (75)

XXXIII 'c h (o c 2h s)

0HC-CH=
I

(C2H50 ) 2CH-CH=CH-CH0 (68)  
XXXV

0HC-CH= ( 2 . 2  M oles )  
I

( c 2h 5o ) 2c h - c h = c h - c h = c h - c h o  
XXXVI ( 5 2 )

OHC-CH= (3-3 M oles)  
I

( c 2h 5o ) 2c h - c h = c h - c h = c h - c h = c h - c h o  
XXXVII ( 3 6 )
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T r e a t m e n t  o f  g l y o x a l  m o n o a c e t a l  XV w i t h  one mole  o f  

f o r m y l m e t h y l e n e t r i p h e n y l p h o s p h o r a n e  I  c l e a n l y  fo rm ed  f u m a r i c  

d i a l d e h y d e  m o n o d i e t h y l a c e t a l  XXXY, ( E n t r y  5 ) * ^ a  T h i s  compound 

w i t h  a  newly  fo rm ed  r e a c t i v e  a l d e h y d e  g r o u p  s h o u l d ,  i n  t h e o r y ,  

be  a b l e  t o  r e a c t  w i t h  a n o t h e r  mole o f  f o r m y l m e t h y l e n e t r i p h e n y l -  

p h o s p h o r a n e  I .  I n  t h e  e v e n t ,  XV was a l l o w e d  t o  r e a c t  w i t h  

2 . 2  m o le s  o f  I  a n d  c l e a n l y  fo rm ed  m ucona ldehyde  m o n o a c e t a l  

XXXVI, ( E n t r y  6 ) .  T h i s  p r i n c i p l e  was c a r r i e d  t h r o u g h  i n  

e n t r y  7 w i t h  3 - 3  m o le s  o f  I ,  c l e a n l y  y i e l d i n g  2 , 4 , 6 - o c t a t r i e n e -  

d i a l  m o n o d i e t h y l a c e t a l  XXXVII. T h i s  h o m o l o g a t i v e  t e c h n i q u e  

c a n  q u i c k l y  c a u s e  a  c h a i n  e x t e n s i o n  ( e n a l a t i o n )  o f  a  p h o s p h o r a n e  

l i k e  I  t o  a  c o n j u g a t e d  o l e f i n i c  s y s t e m  w i t h  m o n o p r o t e c t e d  

d i a l d e h y d e  g r o u p s . T h e re  a r e  no o t h e r  o b v i o u s l y  e a s y  ways 

o f  a c c o m p l i s h i n g  t h i s  t y p e  o f  t r a n s f o r m a t i o n .  S i n c e  t h e  d i ­

a l d e h y d e  c a n  be i s o l a t e d  i n  i t s  m o n o p r o t e c t e d  fo rm ,  s e l e c t i v e  

r e a c t i o n s  a t  t h e  f r e e  a l d e h y d e  g ro u p  c a n  be u s e d  f o r  f u r t h e r  

s y n t h e t i c  e l a b o r a t i o n  o f  t h e s e  m o l e c u l e s .
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k .  A t t e m p t e d  S y n t h e s i s  o f  The C y c l o h e x y l  Components  o f  

The Pheromone o f  The B o l l  W e e v i l .

( + ) - C i s - 2 - i s o p r o p e n y l - l - m e t h y l c y c l o b u t a n e e t h a n o l  ( G r a n d i s o l )

XXXVIII, ( Z ) - 3 , 3 - d i m e t h y l - A  1 ’ ^ - c y c l o h e x a n e e t h a n o l  XXXIX ,

( E ) - 3 » 3 - d i m e t h y l c y c l o h e x y l i d e n e  a c e t a l d e h y d e  XL, and  ( Z ) -

3 , 3 - d i m e t h y l c y c l o h e x y l i d e n e  a c e t a l d e h y d e  XLI make up t h e

a g g r e g a t e  s e x  pheromone o f  t h e  male  b o l l  w e e v i l  ( Anthonomus
At

g r a n d i s  B ohem an) . J A number o f  s y n t h e s e s  o f  t h e  c y c l o h e x y l
h\\

com ponen ts  o f  t h i s  pheromone have  a p p e a r e d .  Compounds XL 

and  XLI a p p e a r  t o  be i d e a l l y  s u i t a b l e  f o r  p r e p a r a t i o n  from 

g l y o x a l  m o n o a c e t a l  XV and  a n  a p p r o p r i a t e  W i t t i g  r e a g e n t .

HOHO

XXXVIII XXXIX XL XLI

The s e e m i n g l y  m os t  d i r e c t  a p p r o a c h  t o  t h e s e  compounds 

would  i n v o l e  t h e  W i t t i g  r e a c t i o n  b e t w e e n  3 , 3 -  

d i m e t h y l c y c l o h e x a n o n e  and  f o r m y l m e t h y l e n e t r i p h e n y l p h o s p h o r -  

ane  I .  U n f o r t u n a t e l y ,  s i n c e  I  d o e s  n o t  r e a c t  w i t h  k e t o n e s ,  

t h i s  a p p r o a c h  c a n  n o t  be  u s e d .

The n e x t  o b v i o u s  a p p r o a c h  t o  t h e s e  compounds would  i n -
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-

L iA lH ^ i

9-BBN

1.  n -B u L i

2 .  ( C ^ O )

OH

HBr

OH

OH

o r

XL VI

XLII

LI

CgH^OH/TsOH

C6H6

( C g H ^ P B r -

JBcHO

h (o c 2h 5} 2

1 .  H9/P d - C

XMX 2 .  H3 0 +

P+0 3 Br

* ---------— — ►  (^Z)

Scheme I

o c 2h 5

1 .  LiAlHj

X L I I I

Br

PC,H

XLIV

P 0  ’■

XLVII

CHO

XL and  XLI

XLV

P+03 Br

XLVIII
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v o l v e  t h e  W i t t i g  r e a c t i o n  b e t w e e n  3 , 3 - d i m e t h y l c y c l o h e x y l i d e n e -  

t r i p h e n y l p h o s p h o r a n e  an d  g l y o x a l  m o n o a c e t a l  XV. The commer­

c i a l l y  a v a i l a b l e  3 i 3 - d i m e t h y l c y c l o h e x a n o l  L was c o n v e r t e d  t o

t h e  known c y c l o h e x y l  b ro m id e  LI  by  t h e  t e c h n i q u e  o f  F r a e n k e l  
48e t  a l . Bromide LI  was fo u n d  t o  be u n r e a c t i v e  w i t h  t r i p h e n y l -  

p h o s p h i n e ,  ( e q  4 2 ) .  T h i s  r e s u l t  was n o t  c o m p l e t e l y  u n e x ­

p e c t e d  a s  a n  e x a m i n a t i o n  o f  m o d e ls  i n d i c a t e d  t h a t  t h e  d i m e t h y l  

g r o u p s  c a u s e  a  s e v e r e  s t e r i c  i n t e r a c t i o n  w i t h  t h e  in c o m in g  

t r i p h e n y l p h o s p h i n e . Use o f  t h e  a l l y l i c  b ro m id e  XLVII was 

e x p e c t e d  t o  d i m i n i s h  t h i s  s t e r i c  e f f e c t  by  f l a t t e n i n g  t h e  

c y c l o h e x y l  r i n g .  I n  a d d i t i o n  a l l y l i c  b ro m id e  XLVII would  be 

e x p e c t e d  t o  r e a c t  f a s t e r  i n  n u c l e o p h i l i c  s u b s t i t u t i o n ,  i . e . ,  

i n  phosphon ium  s a l t  f o r m a t i o n ,  t h a n  c y c l o h e x y l  b ro m id e  L I .  

T h e r e f o r e ,  t h e  s y n t h e s i s  o f  unknown a l l y l i c  b ro m id e  XLVII 

became t h e  n e x t  im m e d ia te  o b j e c t i v e .

5 , 5 - D i m e t h y l c y c l o h e x e n o n e  XLV was s y n t h e s i z e d  by known 
45t e c h n i q u e s .  v The enone  XLV was r e d u c e d  e i t h e r  w i t h  l i t h i u m  

a luminum h y d r i d e  (LAH)r^ o r  w i t h  9 - b o r a b i c y c l o ( 3 •3 ■1 )nonane  

( 9 - B B N ) . ^  The LAH r e d u c t i o n  gave  t h e  known a l l y l i c  a l c o h o l  

XLVI i n  y i e l d s  o f  9 0 -9 2 $  w i t h  a  p u r i t y  o f  9 0 -9 3 $  by  g a s  

c h r o m a t o g r a p h y  (GC). 9-BBN p r o d u c e d  a l c o h o l  XLVI i n  93$ 

y i e l d  w i t h  a  GC p u r i t y  o f  97$.

The a l l y l i c  a l c o h o l  XLVI was t h e n  c o n v e r t e d  i n t o  t h e
47a l l y l i c  b ro m id e  XLVII u s i n g  t r i p h e n y l p h o s p h i n e  d i b r o m i d e . '
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The r e s u l t i n g  unknown a l l y l i c  "bromide gave  s a t i s f a c t o r y  s p e c -  

t r o s c o p i c  d a t a  ( H-NMR, IR) and  t h e  compound was p u r e  "by g a s  

and  t h i n  l a y e r  c h r o m a t o g r a p h i c  a n a l y s i s .  The a l l y l i c  "bromide 

XLVII was a l l o w e d  t o  r e a c t  w i t h  t r i p h e n y l p h o s p h i n e  a t  a p p r o x ­

i m a t e l y  110°C o v e r n i g h t  ( n e a t ) .  I n i t i a l l y ,  t h e  r e s u l t i n g  

s y r u p  r e f u s e d  t o  c r y s t a l l i z e .  I n  t h e  hope o f  p r o d u c i n g  a  

c r y s t a l l i n e  phosphon ium  s a l t ,  t h e  c r u d e  "bromide XLVIII was 

d i s s o l v e d  i n  a q u e o u s  sodium o r  p o t a s s i u m  i o d i d e .  T h i s  r e ­

s u l t e d  i n  a  v e r y  p o o r  y i e l d  o f  c r y s t a l l i n e  p h osphon ium  i o d i d e  

X LV II Ia  w h ic h ,  h o w e v e r ,  gave  a  s a t i s f a c t o r y  e l e m e n t a l  

a n a l y s i s .  A c r y s t a l l i n e  t e t r a f l u o r o b o r a t e  XLVIIIb  c o u l d  

a l s o  "be made, i n  " b e t t e r  y i e l d ,  by d i s s o l v i n g  t h e  c r u d e  b ro m id e  

XLVIII i n  a q u e o u s  sod ium t e t r a f l u o r o b o r a t e  w i t h  a d d e d  f l u o r o -  

b o r i c  a c i d .  F i n a l l y ,  t h e  c r u d e  b ro m id e  c o u l d  be made t o  c r y s ­

t a l l i z e  a s  a  g l a s s  by  v e r y  s lo w  c o o l i n g  o f  t h e  r e a c t i o n  f l a s k .  

U n f o r t u n a t e l y ,  a l l  a t t e m p t s  a t  r e c r y s t a l l i z i n g  t h e  phosphon ium  

s a l t  XLVIII f a i l e d .  T h e r e f o r e ,  t h e  c r u d e  c r y s t a l l i n e  p h o s ­

phonium b ro m id e  XLVIII was u s e d  i n  a l l  s u b s e q u e n t  W i t t i g  

r e a c t i o n s .

The phosphon ium  s a l t  XLVIII was a l l o w e d  t o  r e a c t  w i t h  

n - b u t y l l i t h i u m  i n  d r y  hex an e  and  t h e  m i x t u r e  was s t i r r e d  f o r  

a t  l e a s t  t h r e e  h o u r s .  T h i s  c l e a n l y  p r o d u c e d  t h e  y l i d  a s  a  

d e ep  r e d  s o l u t i o n .  E x c e s s  g l y o x a l  m o n o a c e t a l  XV was t h e n  

ad d ed  r e s u l t i n g  i n  im m e d ia te  d e c o l o r i z a t i o n  o f  t h e  y l i d .

The m i x t u r e  was w orked  up  i n  t h e  u s u a l  way ( s e e  e x p e r i m e n t a l  

s e c t i o n ) . The d i e n e a c e t a l  XLIX c o u l d  be i s o l a t e d  by  co lumn
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c h r o m a to g r a p h y  o r  d i s t i l l a t i o n ;  Howver ,  t h e  p u r i f i c a t i o n  p r o c e s s  

a lw a y s  r e s u l t e d  i n  some d e c o m p o s i t i o n  a s  shown by  H-NMR.

The a c e t a l  XLIX c o u l d  be h y d r o l y z e d  t o  a  m i x t u r e  o f  t h e  

d i e n e  a l d e h y d e s  L I T . U n f o r t u n a t e l y ,  t h e  l a s t  s t e p  i n  t h e  

s y n t h e s i s  o f  XL and  X L I , t h e  c a t a l y t i c  r e d u c t i o n  o f  XLIX o r  

L I I  f a i l e d .  H y d r o g e n a t i o n  o f  XLIX o r  L I I  u s i n g  10$ p a l l a d i u m  

on c h a r c o a l  i n  a b s o l u t e  e t h a n o l  f a i l e d  t o  g i v e  any  o f  t h e  

d e s i r e d  compounds,  b u t  i n s t e a d  r e t u r n e d  u n c h an g e d  s t a r t i n g  

m a t e r i a l .  The e n t i r e  s e q u e n c e  i s  o u t l i n e d  i n  Scheme I .

L I I
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5.  K n o e v e n a g e l  R e a c t i o n  o f  G l y o x a l  M o n o a c e t a l  XV.

B e s i d e s  i t s  u se  i n  t h e  W i t t i g  r e a c t i o n ,  g l y o x a l  m o n o a c e t a l  

XV may a l s o  he  u s e d  i n  t y p i c a l  a l d o l  c o n d e n s a t i o n s .  S p e c i ­

f i c a l l y ,  t h e  r e a c t i o n  o f  XV w i t h  d i m e t h y l  m a l o n a t e  -LIV i n  a  

K n o e v en a g e l  r e a c t i o n  was i n v e s t i g a t e d .  The method u s e d  a
49Lewis  a c i d  c a t a l y s t  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  L e h n e r t .  

A c e t a l  L I I I  was o b t a i n e d  i n  a n  u n o p t i m i z e d  d i s t i l l e d  y i e l d  

o f  58fo and  t h e  compound gave  a  s a t i s f a c t o r y  H-NMR s p e c t r u m ,

(e q  4 3 ) .

T i C l ^ / C  c j H ^ N
XV + C H p ( C O O C H q ) p  ----------- -— 3 3 - » ( H p C O O C ) p C = C H - C H ( O E t ) ?

* THF/Np/0°C J
L I V  * L I I I  ( 4 3 )



C h a p t e r  T h ree

E x p e r i m e n t a l  S e c t i o n



-64-

G e n e r a l  Comments . M e l t i n g  p o i n t s  were  t a k e n  i n  open  c a p ­

i l l a r y  t u b e s  w i t h  a  B uch i  o r  m el tem p  a p p a r a t u s  and  a r e  u n c o r ­

r e c t e d .  B o i l i n g  p o i n t s  a r e  u n c o r r e c t e d .  I n f r a r e d  s p e c t r a  ( IR )  

were  r e c o r d e d  on P e r k i n - E l m e r  137 o r  Beckman 521 s p e c t r o ­

p h o t o m e t e r s .  U l t r a v i o l e t  s p e c t r a  (UV) were  m e a s u re d  on  a  

C ary  14- s p e c t r o p h o t o m e t e r .  P r o t o n  n u c l e a r  m a g n e t i c  r e s o n a n c e  

s p e c t r a  (NMR) were  m e asu re d  a t  60 MHz on V a r i a n  A60A o r  P e r ­

k i n - E l m e r  R-24-B s p e c t r o m e t e r s  w i t h  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  

r e f e r e n c e  (6 = 0 ) .  C a r b o n -1 3  n u c l e a r  m a g n e t i c  r e s o n a n c e  

s p e c t r a  (^C-NMR) were m e a s u re d  on a  JEOL PS/PFT-100  s p e c ­

t r o m e t e r  i n  c h l o r o f o r m - d  w i t h  TMS a s  i n t e r n a l  r e f e r e n c e .  .

Gas ch ro m a to g ram s  -  mass  s p e c t r u m s  (GCTMS) were  r e c o r d e d  on 

a  F i n n a g a n  3003 a t  C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  New Y ork .

Gas ch ro m a to g ram s  were o b t a i n e d  on a  H e w l e t t - P a c k a r d  5700A 

g a s  c h r o m a to g r a p h  u s i n g  a  6 ' x g l a s s  column p a c k e d  w i t h  

0V-17 on ch ro m o so rb  W. O z o n o ly s e s  were  p e r f o r m e d  on a  Ozone 

R e s e a r c h  an d*E qu ipm en t  C o r p o r a t i o n  o z o n a t o r  (model  0ZV9-0).  

M i c r o a n a l y s e s  w ere  p e r f o r m e d  by  G a l b r a i t h  L a b o r a t o r i e s  I n c . ,  

K n o x v i l l e ,  Tenn. A n a l y t i c a l  and  p r e p a r a t i v e  l a y e r  c h r o m a to g ­

r a p h y  were  p e r f o r m e d  on p l a s t i c  and  g l a s s  p l a t e s  p u r c h a s e d  

f rom  B r inkm ann  I n s t r u m e n t s  I n c .  B a s i c  and  n e u t r a l  a lu m i n a  

f o r  column c h r o m a to g r a p h y  was p u r c h a s e d  from ICN P h a r m a c e u t i c a l s  

I n c .  and  was d e a c t i v a t e d  w i t h  w a t e r .  S i l i c a  g e l  was p u r ­

c h a s e d  from B r inkm ann  I n s t r u m e n t s  I n c .

E x t r a c t i o n  s o l v e n t s  were  g e n e r a l l y  o f  r e a g e n t  q u a l i t y .  

R e a c t i o n  s o l v e n t s  were  d r i e d  a s  f o l l o w s :  A c e t o n i t r i l e ,
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b e n z e n e ,  c a r b o n  t e t r a c h l o r i d e ,  c h l o r o f o r m ,  t o l u e n e ,  and  

p - x y l e n e  w ere  d i s t i l l e d  f rom  p h o s p h o r u s  p e n t o x i d e .  Hexane 

was d i s t i l l e d  f rom  p h o s p h o r u s  p e n t o x i d e  and  t h e n  f rom  sodium.  

E t h y l  a c e t a t e ,  d i m e t h y l  s u l f o x i d e  (DMSO), d im e th o x y e th a n e ,  and  

d i m e th y l f o r m a m id e  (DMF) were  d i s t i l l e d  f rom  c a l c i u m  h y d r i d e .  

T e t r a h y d r o f u r a n  (THF) was d i s t i l l e d  u n d e r  n i t r o g e n  f rom  l i t h i u m  

aluminum h y d r i d e  (LAH) o r  t h e  p o t a s s i u m  k e t y l  o f  b e n z o p h e n o n e . 

A nhydrous  e t h e r  was p u r c h a s e d  from F i s h e r  S c i e n t i f i c  Co. o r  

A l d r i c h  C h e m ic a l  Co. and  u s e d  a s  i s .  n - B u t y l l i t h i u m  and 

p h e n y l l i t h i u m  were  p u r c h a s e d  f rom  A l f a  I n o r g a n i c s .  P o t a s s i u m  

t e r t - b u t o x i d e  was p u r c h a s e d  f rom  A l d r i c h  C h e m ic a l  Company and 

a d d e d  t o  r e a c t i o n s  a s  t h e  s o l i d .  C in n a m a ld e h y d e  was p u r c h a s e d  

from  E a s tm a n  Kodak Co. Sodium and  l i t h i u m  were  washed  w i t h  

p e t r o l e u m  e t h e r  b e f o r e  u s e .  R e a c t i o n s  r u n  a t  a m b i e n t  t em p ­

e r a t u r e  r e f e r  t o  a  room t e m p e r a t u r e  g e n e r a l l y  b e t w e e n  23-25°C .
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"1 o c\
1. P r e p a r a t i o n  o f  Monomeric  G l y o x a l  V l l i  ’

A 50 mL r o u n d  b o t to m e d  f l a s k  was c h a r g e d  w i t h  c a .  5 g 

( 0 .0 3 5 2  m o le )  o f  p h o s p h o r u s  p e n t o x i d e  and  c a .  10 g o f  

" g l y o x a l  t r i m e r "  (MC&B). The f l a s k  was h e a t e d  w i t h  a  B unsen  

b u r n e r  u n d e r  w a t e r  a s p i r a t o r  vacuum and  t h e  y e l l o w - g r e e n  g a s  

so p r o d u c e d  was p a s s e d  t h r o u g h  p o t a s s i u m  h y d r o x i d e  p e l l e t s ,  

t h e n  i n t o  100 mL o f  f r s h l y  d i s t i l l e d  THF m a i n t a i n e d  a t  -70°C 

i n  a  t h r e e  n e c k e d  500 mL r o u n d  b o t to m e d  f l a s k .  T h i s  p r o c e d u r e  

p r o d u c e d  2 . 5 3  g ( 2 5%) o f  monomeric  g l y o x a l  V I I . The y e l l o w  

g l y o x a l  s o l u t i o n  was t h e n  t r e a t e d  i m m e d i a t e l y  w i t h  t h e  

d e s i r e d  y l i d  by t h e  m ethod  o f  i n v e r s e  a d d i t i o n .
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2. P r e p a r a t i o n  o f  t r a n s -C in n a m a ld eh y d e  ( T a b l e  1,  E n t r y  1 ) :

A t h r e e  n e c k e d  500 mL S c h le n k  t u b e  f i t t e d  w i t h  a n  o u t l e t

a t  t h e  b o t t o m  o f  t h e  a p p a r a t u s  and  j a c k e t e d  by  a  1 L b e a k e r

was c h a r g e d  w i t h  8 . 6 7  g ( 0 . 0 2  m o le )  o f  b e n z y l t r i p h e n y l p h o s -  
77phonium b ro m id e  ' and  c a .  200 mL o f  d r y  THF, m a i n t a i n e d  u n d e r  

a n  i n e r t  a t m o s p h e r e  a t  0 -5°C .  n - B u t y l l i t h i u m  ( 2 . 0  M, 13 roL,

0 . 0 2 6  m ole )  was ad d ed  d r o p w is e  o v e r  t w e n t y  m i n u t e s  t o  

t h e  s t i r r e d  s a l t .  The r e s u l t i n g  r e d  y l i d  was s t i r r e d  f o r  

2 h a t  a m b ie n t  t e m p e r a t u r e  and  t h e n  ad d ed  t o  t h e  r a p i d l y  s t i r r e d  

s o l u t i o n  o f  monomeric  g l y o x a l  VII  a t  0°C. The y e l l o w  g l y o x a l  

s o l u t i o n  was i m m e d i a t e l y  d e c o l o r i z e d  by t h e  y l i d  and 

s t i r r i n g  was c o n t i n u e d  o v e r n i g h t .  The s u s p e n s i o n  was p o u r e d  

o n to  c a .  1 L o f  c o l d  w a t e r  and  v o l a t i l e s  were  rem oved  i n  

v a c u o . The r e m a i n i n g  s u s p e n s i o n  was e x t r a c t e d  w i t h  e t h e r  (3x 

200 mL) and  t h e  combined  e t h e r  e x t r a c t s  were  washed  w i t h  

w a t e r .  The e t h e r  e x t r a c t  was d r i e d  (MgSO^) and  c o n c e n t r a t e d  

i n  v a c u o .  The r e m a i n i n g  s o l i d  was c h r o m a t o g r a p h e d  on  a l u m i n a  

I I  w i t h  p e t r o l e u m  e t h e r  and  l a t e r  w i t h  30% b e n z e n e / p e t r o l e u m  

e t h e r .  T r a n s , t r a n s -1 >̂ ' - d i p h e n y l - 1 , 3 - b u t a d i e n e  ( 1 . 0 2  g ,

2^.75%) was i s o l a t e d ;  mp(95% e t h a n o l )  152-153°C ,  ( L i t . ' ’0

1 5 2 -1 5 3 ° C ) .  IR (K B r) ;  3000 ,  1600,  1590 ,  1^90 ,  1070,

995 .  910 ,  8 2 5 , 7^0 cm. -1  NMR(CH2C12 ) ; 6 6 .7 7  (m, UH), 7 -30  

(m, 10H).  C o n t i n u e d  e l u t i o n  a f f o r d e d  0 .7 2  g ( 2 7 . 2 $ )  o f  

t r a n s - c i n n a m a l d e h y d e , i d e n t i c a l  i n  a l l  r e s p e c t s  ( IR ,  NMR, and 

TLC) w i t h  a u t h e n t i c  m a t e r i a l .
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513 .  P r e p a r a t i o n  o f  C y c l o p e n t y l t r i p h e n y l p h o s p h o n i u m  B rom ide :

A 500 mL r o u n d  b o t to m e d  f l a s k  f i t t e d  w i t h  a  r e f l u x  c o n ­

d e n s e r  and  d r y i n g  t u b e  was c h a r g e d  w i t h  7 8 . 7  g  ( 0 . 3 0  mole)  

o f  t r i p h e n y l p h o s p h i n e  and  100 g ( 0 . 7 ^  m ole )  o f  b ro m o c y c lo -  

p e n t a n e . The m i x t u r e  was h e a t e d  a t  1 5 0 - l6 0 ° C  f o r  c a .  60 h .

The r e s u l t i n g  s o l i d  was r e c r y s t a l i z e d  f rom  m e t h a n o l - w a t e r  t o  

a f f o r d  97.54- g (79%)  o f  p u r e  s a l t ;  mp 2 6 5 . 5 - 2 6 8 ° C ,  ( l i t . ^  

mp 263°C ) .

4-. P r e p a r a t i o n  o f  C y c l o p e n t y l i d e n e  A c e t a l d e h y d e  ( T a b l e  i ,
66

E n t r y  5 ) :

The a c e t a l d e h y d e  was p r e p a r e d  i n  a  s i m i l a r  m anner  a s  

t r a n s - c i n n a m a l d e h y d e .  C y c r o p e n t y l t r i p h e n y l p h o s p h o n i u m  brom­

i d e  ( 1 3 .6 5  g ,  O..033 m o l e ) .  ■ was s u s p e n d e d  i n  200 mL o f  d r y  

e t h e r .  n - B u t y l l i t h i u m  ( 2 . 3  M, 17 mL, '0.. 039 m ole )  was ad d ed  

d ro p w is e  t o  t h e  r a p i d l y  s t i r r e d  s u s p e n s i o n .  The y l i d  was ad d ed  

t o  1 .9 5  g (0.034- m ole )  o f  monomeric  g l y o x a l  and  s t i r r e d  o v e r ­

n i g h t .  The r e a c t i o n  was w orked  up  a s  b e f o r e .  The c r u d e  p r o ­

d u c t  was c h r o m a t o g r a p h e d  on a l u m i n a  I I  and  e l u t e d  w i t h  

p e t r o l e u m  e t h e r  and  l a t e r  p e t r o l e u m  e t h e r / b e n z e n e  ( 1 : 1 )  a f f o r d i n g

O.798  g (22%) o f  c y c l o p e n t y l i d e n e  a c e t a l d e h y d e  

a s  a  y e l l o w  u n s t a b l e  o i l .

I R ( n e a t ) ;  304-0, 2 9 7 0 , 2 7 6 0 , 1 6 7 5 , 164-0 cmT'1-

NMR(CCl^); 6 1 . 6 - 2 . 0  (m, 4-H), 2 . 3 2 - 3 . 0  (m, 4-H), 5 - 9 2  ( !m. 1H) .
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9 . 8 2  ( d ,  1H, J  = 7 - 6  H z ) .

5 .  P r e p a r a t i o n  o f  G l y o x a l  M o n o d i e t h y l a c e t a l  XV:

A c r o l e i n  d i e t h y l a c e t a l  ( 7 9 - 8 7  g ,  0 . 6 1 3 . molfe) .  and  500 mL 

o f  d r y  m e t h a n o l  were  p l a c e d  i n  a  t h r e e  n e ck e d  1 L ro u n d  

b o t to m e d  f l a s k  e q u i p p e d  w i t h  a  m a g n e t i c  s t i r r e r ,  g a s  d i s p e r ­

s i o n  t u b e  r e a c h i n g  t o  n e a r  t h e  b o t to m  o f  t h e  f l a s k ,  and 

a  g a s  o u t l e t  t u b e  c o n n e c t e d  t o  a  U - tu b e  f i l l e d  w i t h  : 

a  p o t a s s i u m  i o d i d e  s o l u t i o n .  The f l a s k  was c o o l e d  t o  -70°C 

and  a  v i g o r o u s  s t r e a m  o f  ozone was p a s s e d  t h r o u g h  t h e  s t i r r e d  

s o l u t i o n  ( o z o n i z e r  s e t t i n g s :  f l o w  r a t e  7» p o w e r s t a t  c a .  78 

(O .65  amp) ,  w a t e r  c o o l i n g  o n ) .  W ith  t h e s e  s e t t i n g s  c a .  0 .1  

mole o f  s t a r t i n g  m a t e r i a l  was o z o n i z e d  p e r  h o u r .  A f t e r  t h e  

r e a c t i o n  was c o m p le t e  ( r e a c t i o n  t u r n e d  a  p e r s i s t e n t  b l u e )  

oxygen  was b u b b l e d  t h r o u g h  f o r  f i v e  m i n u t e s  and t h e n  n i t r o ­

g e n  was b u b b l e d  t h r o u g h  f o r  t h e  r e m a i n d e r  o f  t h e  r e a c t i o n .

At -70°C 5 1 g o f  d i m e t h y l  s u l f i d e  was ad d ed  and t h e  tem p­

e r a t u r e  was a l l o w e d  t o  r i s e  s l o w l y  o v e r n i g h t .  The m e th a n o l  

was removed on a  r o t a r y  e v a p o r a t o r  ( b a t h  t e m p e r a t u r e  2 0 - 2 5 ° C ) .  

The r e m a i n i n g  l i q u i d  was d i s t i l l e d  t o  a f f o r d  7 5 .07  g (93$ )  o f  

g l y o x a l  m o n o a c e t a l ,  c o n t a m i n a t e d  w i t h  k% d i m e t h y l  s u l f o x i d e .  

The d i s t i l l a t i o n  r e c e i v e r  m us t  be w e l l  c o o l e d  t o  p r e v e n t  l o s s  

o f  m a t e r i a l ;  bp  42-^8°C  (15  mm), ( l i t * 1 bp  k Z - k ^ Q  (11 mm)), 

I R ( n e a t ) ; 2990, 2860,  17^2 ,  1070 cmT1

NMR(CDC1^) ;  6 1 -3  (m, 6 H ) , 3 -6 5  (m, 4h ) , ^ . 5 5  ( d ,  1H, J  =

3 H z) ,  9 . k  ( d ,  1H, J  = 3 H z) .
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The compound s l o w l y  p o l y m e r i z e s  ( 2 - 3  weeks  i n  t h e  r e f r i g e r a t o r ) ,  

b u t  c a n  be  r e g e n e r a t e d  by  vacuum d i s t i l l a t i o n  ( p y r o l y s i s ) .

6.  P r e p a r a t i o n  o f  (2E,  4e ) - 5 - P h e n y l - 2 , 4 - p e n t a d i e n a l

( T a b le  2. , E n t r y  4 ) f ^ ’ ^

A S c h le n k  t u b e  f i t t e d  w i t h  a  50 mL d r o p p i n g  f u n n e l  was 

c h a r g e d  w i t h  5*69 g ( 0 . 0 1 2 4  m ole )  o f  c i n n a m y l t r i p h e n y l p h o s -  

phonium bromiddT- 1 .3 9  g ( 0 .0 1 0 5  m o le )  o f  g l y o x a l  m o n o a c e t a l ,  

and  c a .  100 mL o f  d r y  DMF u n d e r  n i t r o g e n .  The d r o p p i n g  

f u n n e l  was c h a r g e d  w i t h  0 .1 3 4 4  g ( 0 .0 1 9 2  m o le )  o f  l i t h i u m  s h o t  

and  25 mL o f  a b s o l u t e  e t h a n o l .  A r e f l u x  c o n d e n s e r  was p l a c e d  

on t o p  o f  t h e  d r o p p i n g  f u n n e l  a l o n g  w i t h  a  p o t a s s i u m  h y d r o x i d e  

d r y i n g  t u b e .  The l i t h i u m  e t h o x i d e  was ad d ed  v e r y  s l o w l y  

c a .  1 . 5  h t o  t h e  v i g o r o u s l y  s t i r r e d  s a l t - a c e t a l  s o l u t i o n ,  

m a i n t a i n e d  a t  7 0 ° C . The m i x t u r e  was s t i r r e d  o v e r n i g h t  a t  70°C. 

The s o l u t i o n  was c o o l e d  and  p o u r e d  o n t o  w a t e r  and  e x t r a c t e d  

w i t h  e t h e r  (2x200  mL) . The e t h e r  was w ashed  w i t h  b r i n e ,  

d r i e d  (KgCO^), an d  c o n c e n t r a t e d  i n  vacu o  t o  a f f o r d  3*1674 g 

o f  c r u d e  p r o d u c t ,  c o n t a m i n a t e d  w i t h  t r i p h e n y l p h o s p h i n e  o x i d e .

The p r o d u c t  was d i s t i l l e d  t o  a f f o r d  1 . 5 6 4  g ( 6 4 . 2 $ )  o f  t h e  

y e l l o w  a c e t a l  a s  a  m i x t u r e  o f  E and  Z i s o m e r s ;  bp  106-110°C 

( 0 . 2 4 m m ) .  I R ( n e a t ) ;  3085 ,  3065 ,  3030 ,  2980 ,  2935 ,  2880,

1950 , 1870 , 1800 , 1677 , 1640, 1618 , 1490, 1445, 1130 , 1050 ,

9 8 5 , 780, 745 cmT1

NMR(CCl^); 6 1 . 1 7  ( t ,  6h , J  = 7 H z ) ,  3*6 (m, 4h ) , 4 . 9 8  ( d ,
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w i t h  f i n e  s p l i t t i n g ,  1H, J  = 4 H z) ,  5 - 3 - 6 . 6  (m, 4h ) ,  7 . 2 5  

( b r  s ,  5H).

The m i x t u r e  o f  E an d  Z a c e t a l s  ( 1 . 56^  g ,  O.OO67 mole)  was 

t a k e n  up i n  100 mL o f  THF and  p l a c e d  i n  a n  i c e  b a t h .  Ten 

p e r c e n t  HC1 (100  mL) was ad d ed  and  t h e  s o l u t i o n  was s t i r r e d  

f o r  2 h .  The s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r ,  washed  w i t h  

NaHCO^, and  b r i n e ,  d r i e d  (MgSO^), and c o n c e n t r a t e d  i n  vacuo  

t o  a f f o r d  a  y e l l o w  o i l  w h ich  was d i s t i l l e d  t o  g i v e  t h e  d e s i r e d  

a l d e h y d e ,  0 .9 8 6 5  g ( 9 3 . 2 $ ) .  bp  123-125°C ( 1 . 3  mm), ( l i t . 52 

133 - 13^ 0C (1 mm)); s e m i c a r b a z o n e , m p ( e t h a n o l )  2 2 5 - 226°C ,

( l i t . 53 mp 2 1 8 - 2 1 8 . 5 ° C ) ; I R ( n e a t ) ;  3330 ,  3085 ,  3062 ,  3030 ,

3008 ,  2925,  2820 ,  27^5» 1955. 1886, 1805,  1 6 8 8 , 1665,  1618,

1592, 1 ^ 7 ,  1 ^ 9 .  1010,  983 ,  785 , 7^5 c m . ' 1

NMR(CCl^); 6 6 .2 0  ( dd w i t h  f i n e  s p l i t t i n g ,  lHa , J  = 15-5* 7 -5  

Hz) ,  6 . 9 8  (m, 3H),  7 -3 6  (m, 5 H ) , 9 - ^ 7  ( d ,  1H, J  = 7 -5  Hz) .

7 .  P r e p a r a t i o n  o f  3 - C N a p h t h y l - ( l ) ] - a c r o l e i n  ( T a b l e  2,

E n t r y  3 ) : 5^

T h i s  compound was p r e p a r e d  u s i n g  a  p r o c e d u r e  i d e n t i c a l  

t o  e x p e r i m e n t  6.  a - N a p h t h y l m e t h y l t r i p h e n y l p h o s p h o n i u m  

c h lo r id e " '72 ( 5-29  g» 0 .0 1 2  m o l e ) ,  I .3969  g ( 0 . 0 1 0 2  mole) o f  

g l y o x a l  m o n o a c e t a l ,  and  O . I 388  g ( 0 . 0 1 9 8  mole ) o f  l i t h i u m  

w i r e  w i t h  25 mL o f  a b s o l u t e  e t h a n o l  were  a l l o w e d  t o  r e a c t  i n  

t h e  u s u a l  way. Work up  and  d i s t i l l a t i o n  o f  t h e  r e s i d u e  a f f o r d e d  

2 . 3 2  g ( 9 0 . 6 $ )  o f  t h e  d e s i r e d  a c e t a l  a s  a  m i x t u r e  o f  E and  Z
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i s o m e r s ;  bp  118-119°C ,  ( 0 . 1 2  mm).

I R ( n e a t ) ; 3068 ,  3050 ,  2980 ,  2932 ,  2878 ,  1940,  1810 ,  1680,

1611-3» 1588,  1507, 1488, 1 1 1 0 , 1 0 5 0 , 990 ,  780  cmT1 

NMRtCCl^); 6 1 .0 9  (m, 6 H ) , 3 -5 2  (m, 4-H), 5 - 0 5  ( b r  d ,  1H,

J  = 7 H z) ,  5 - 8 5 - 6 . 3 5  (m, 1H), 6 . 9 - 7 - 9  (m, 8 H ) .

The a c e t a l  ( 1 . 3 4 6  g ,  0.0052 m ole )  was h y d r o l y z e d  w i t h  

5% HC1 i n  THF a t  0-5°C f o r  1 h .  A f t e r  . t h e  -usual- w o r k -■ up .chroma­

t o g r a p h y  o f  t h e  r e s i d u e  on  s i l i c a  g e l  and  e l u t i o n  w i t h  1$ 

e t h e r  i n  b e n z e n e  a f f o r d e d  O.7667  g (81$ )  o f  t h e  d e s i r e d  a l d e ­

h y d e ;  mp( e t h e r )  4 4 -4 6 °C ,  ( l i t ^  mp 4 8 ° C ) .  The p r o d u c t  

c o u l d  be d i s t i l l e d  w i t h  some d e c o m p o s i t i o n ;  bp  90 - 9 3 °C,

( 0 . 1 8  mm); s e m i c a r b a z o n e , mp( e t h a n o l )  2 2 2 -223°C ,  ( l i t ^  228°C ) .  

I R ( n e a t ) ;  3340 ,  3 0 7 0 , 2 8 2 5 , 2735 .  1940,  1815.  1675 .  1 6 2 5 ,

1610,  1575,  1510, 1125,  9 7 0 , 790 ,  770 cmT1

NMR(CCl^) 5 6 6 .7 3  ( d d ,  l H a, J  = 16,  7 - 5  H z ) ,  7 . 3 - 8 . 2  (m, 8H) ,

9 -7 5  ( d ,  1H, J  = 7 -5  H z ) .

8.  P r e p a r a t i o n  o f  2 - M e t h y l b e n z y l t r i p h e n y l p h o s p h o n i u m

B ro m id e :

A 500 mL s i n g l e  n e c k e d  r o u n d  b o t to m e d  f l a s k  was c h a r g e d  

w i t h  1 8 .5  g ( 0 . 1  m ole )  o f  o t -b r o m o -o -x y le n e  and  2 6 .4 2  g ( 0 . 1  

m ole )  o f  t r i p h e n y l p h o s p h i n e .  Dry  b e n z e n e  (200 mL) was added  

and  t h e  m i x t u r e  was r e f l u x e d  f o r  3 h .  The r e s u l t i n g  p r e c i p i ­

t a t e  was washed w e l l  w i t h  e t h e r  and  a i r  d r i e d .  The 

phosphon ium  s a i l ;  3 8 . 3 6  g  (8 5 .£ % \  was u s e d  w i t h o u t  f u r t h e r
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p u r i f i c a t i o n ;  mp 273-275®C, ( l i t t * ^  mp 2 5 3 - 2 5 5 ° C ) .

9- P r e p a r a t i o n  o f  o - M e t h y l c i n n a m a l d e h y d e  XXV ( T a b l e  2 ,

E n t r y  6 ) :

T h i s  a l d e h y d e  was p r e p a r e d  u s i n g  a  s i m i l a r  p r o c e d u r e  t o  t h a t  

i n  e x p e r i m e n t  6 . 2 - M e t h y l b e n z y l t r i p h e n y l p h b s p h o n i u m .  b r o - • 

mide (5,-4452 g ,  0 . 0127 . m ole )  , 1 . 3 4 6 8  g ( 0 .0 1 0 2  m o le )  o f  

g l y o x a l  m o n o a c e t a l ,  0 . 1 2 4 6  g ( 0 . 0 1 7 9  m ole )  o f  l i t h i u m  w i r e ,

100 mL o f  d r y  DMF an d  25 mL o f  a b s o l u t e  e t h a n o l  w ere  combined  

i n  t h e  u s u a l  way. The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  3 h 

a t  70°C and  t h e n  w orked  up  a s  u s u a l .  The c r u d e  a c e t a l  was 

n o t  i s o l a t e d .  H y d r o l y s i s  o f  t h e  c r u d e  a c e t a l  i n  THF/10$ HC1 

( 3 : 1 )  a t  0-5°C f o r  3 h  a f f o r d e d  t h e  c r u d e  a l d e h y d e .  The 

a l d e h y d e  was i s o l a t e d  by  K u g e l r o h r - t y p e  d i s t i l l a t i o n ,

1 .3 2 8 5  g (89.2J8)* b p  67-70°C ( 0 . 1  mm), ( l i t ^6 b p  1 1 5 - l l 6 ° C  

(2  mm)); S e m i c a r b a z o n e , mp(95$ e t h a n o l )  2 1 3 • 5 - 2 1 4 . 5 ° C » ( l i t .  

mp 216°C? 6 217°C^7 ) .

I R ( n e a t ) ;  3 0 70 ,  3 0 35 ,  2970 ,  2 9 4 0 ,2 8 2 0 ,  2748 ,  i 9 6 0 , 1920,

1810,  1677 ,  1 6 2 0 , 1 6 0 0 , 975 ,  750 cmT1

NMR(CCl^); 6 2 . 4  ( s ,  3 H ) , 6 .5 2  ( d d ,  1H^ J  = 16,  7 H z ) ,  7 . 2 - 7 .8  

(m, 5 H ) , 9 - 6  ( d ,  1H, J  = 7 H z ) .



10. P r e p a r a t i o n  o f  C y c l o p e n t y l i d e n e  A c e t a l d e h y d e  D i e t h y l -  

a c e t a l  ( T a b l e  2 ,  E n t r y  1 1 ) :

T h i s  compound was p r e p a r e d  u s i n g  t h e  g e n e r a l  p r o c e d u r e  

i n  e x p e r i m e n t  6 . C y c l o p e n t y l t r ' i p h e n y l p h o s p h o n i u m  b ro m id e .  

( 9 .5 8 8 0  g ,  0 .0 2 3 3  mole). ,  . 2.64-37 g ( 0 .0 2 0 1  mole)  o f  g l y o x a l -  

m o n o a c e t a l ,  0 . 1 8 3 2  g (0.0264- m ole )  o f  l i t h i u m  s h o t ,  21 mL 

o f  a b s o l u t e  e t h a n o l  and  150 mL o f  d r y  DMF were  combined  i n  t h e  

u s u a l  way. The r e a c t i o n  was s t i r r e d  f o r  3 h a t  6o-70°C.

Work up and  d i s t i l l a t i o n  o f  t h e  r e s i d u e  a f f o r d e d  0 . 7 7  g (21$)  

o f  t h e  d e s i r e d  a c e t a l ;  bp  50-53°C ( 0 . 3 8  mm)

I R ( n e a t )  5 2 9 9 0 , 294-0, 1670 , 1630 , 14-30, 1120, 104-0 cmT1 

NMR(CCl^) ; 6 1 .13  ( t , 6H, J  = 7 H z ) ,  1 . 67 (m, 4-H), 2 . 3  (m, 4-H),

3 . 5  (m, 4-H), 4-.98 ( d ,  1H, J  = 6 . 3  H z) ,  5 -3 7  (m, 1H).

11.  P r e p a r a t i o n  o f  3 - M e t h y l - 2 - b u t e n a l  D i e t h y l a c e t a l  

( T a b l e  2 , E n t r y  1 2 ) P 8

The compound was p r e p a r e d  u s i n g  t h e  g e n e r a l  p r o c e d u r e  o f  

e x p e r i m e n t  6 . I s o p r o p y l t r i p h e n y l p h o s p h o n i u m  i o d i d e " ^  ( 5*0278  

g ,  0 .0 1 2 0  m o l e ) ,  1*3253  g ( 0 . 0 1 0  m ole )  o f  g l y o x a l  mono- 

a c e t a l ,  0 . 1 0 5 7  g ( 0 .0 1 5 2  m ole )  o f  l i t h i u m  s h o t ,  21 mL o f  

a b s o l u t e  e t h a n o l  and  100 mL o f  DMF were  combined  a s  p r e v i o u s l y  

d e s c r i b e d  and  t h e  r e a c t i o n  was s t i r r e d  f o r  3 h a t  60-70°C.

Work up  and  d i s t i l l a t i o n  o f  t h e  r e s u l t i n g  o i l  a f f o r d e d  0 . 1 5  g 

(9*5 %) o f  t h e  d e s i r e d  a c e t a l ;  bp  5 3 - 5 5 ° C . ( 1 2  mm), ( l i t ^ ®  bp
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60-62°C ( 1 7 m m ) ) ;  I R ( n e a t ) ; 2984 ,  2 9 40 ,  2885 ,  1 6 7 6 , 1442,

1140, 1 0 8 2 , 1052  cmT1

NMR(CCljij/) ; 6 1 . 1 5  ( t ,  6H, J  = 7 H z ) ,  1 . 7 2  ( b r  s ,  6h) , 3 -5 0  

(m, 4H),  5 . 0 7  ( d ,  1H, J  = 6 H z ) ,  5 -2  (m, 1 H ) .

12. P r e p a r a t i o n  o f  o - X y l y l e n e - b i s - ( t r i p h e n y l p h o s p h o n i u m

b r o m i d e ) ^

A 500 mL s i n g l e  n e c k e d  r o u n d  b o t to m e d  f l a s k ,  e q u i p p e d  

w i t h  a  r e f l u x  c o n d e n s e r  and  n i t r o g e n  i n l e t  was c h a r g e d  w i t h  

4 1 .5 5 3 2  g ( 0 . 1 5 7  m ole )  o f  a , a 1- d i b r o m o - o - x y l e n e , 7 9 -8686  g 

( 0 . 3 0 4 5  mole)  o f  t r i p h e n y l p h o s p h i n e , and  300 mL o f  d r y  DMF.

The f l a s k  was h e a t e d  a t  100°C f o r  48 h  and  t h e  r e s u l t i n g  

s o l i d  was c o l l e c t e d  and  washed w e l l  w i t h  e t h e r  and  a l l o w e d  

t o  a i r  d r y .  The p r o d u c t  o b t a i n e d ,  117*36 g (94 .8% ) was u s e d  

w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

13 . P r e p a r a t i o n  o f  1 , 2 - b i s ( 2 - F o r m y l e t h e n y l ) b e n z e n e  XXII

( T a b l e  2 ,  E n t r y  7) :

The compound was p r e p a r e d  u s i n g  t h e  g e n e r a l  p r o c e d u r e  

i n  e x p e r i m e n t  6 .  o - X y l y l e n e - b i s (  t r i p h e n y l p h o s p h o n i u m  bro- .  

mide (8 .0755 .  g ,  0 .0 1 0 2  m o l e ) ,  3 .0 8 8 2  g ( 0 . 0 2 3 4  m ole )  o f  

g l y o x a l  m o n o a c e t a l ,  0 .1 5 7 3  g ( 0 .0 2 2 6  m o le )  o f  l i t h i u m  s h o t ,

27 mL o f  a b s o l u t e  e t h a n o l ,  and  200 mL o f  d r y  DMF were  combined  

a s  p r e v i o u s l y  d e s c r i b e d  a t  70-80°C f o r  3 h .  A f t e r  t h e  u s u a l



work up  t h e  compound was i s o l a t e d  by  c r y s t a l l i z a t i o n  

f rom  p e t r o l e u m  e t h e r / e t h e r  t o  a f f o r d  t h e  d e s i r e d  d i a l d e h y d e  

a s  a  p a l e  y e l l o w  s o l i d ,  0 . 8 8 t o  g ( t o . 8 $ ) ;  m p ( e t h y l  a c e t a t e )  

1 1 3 - H t o C ,  ( l i t ? ^  1 1 5 - l l 6 ° C ) • B i s - s e m i c a r b a z o n e , mp(EtOH) 225-6°C .  

I R ( K B r ) ; 1680,  1650, 1600, 990 , 980 cm?1

NMR(Acetone-dg) ; 6 6 . 7 5  ( d d , - 2 . ^ ,  J  = 16 ,  7 . 5  H z ) ,  6 . 9 - 7 - 9  ( 

m, ^H ) ,  8 . 1 5  ( d ,  2 H .  J  = 16 H z ) ,  9 -7 5  ( d ,  2 H ,  J  = 7 -5  H z) .3.
The r e m a i n i n g  m o th e r  l i q u o r s  were  combined  and d i s t i l l e d  

t o  y i e l d  0 .3 8 7 3  g ( 2 0 . 5 $ )  o f  o - m e th y l c i n n a m a l d e h y d e  XXV; bp  67 -  

70°C ( 0 . 1  mm), ( l i t ^  bp  1 1 5 - H 6 ° C  (2 mm)). S p e c t r a l  p r o p e r ­

t i e s  i n  a g r e e m e n t  w i t h  e x p e r i m e n t  9*

l t o  P r e p a r a t i o n  o f  5 - M e t h y l - ( E ) - 2 - h e x e n a l  ( T a b l e .  3 , .  E n t r y  3 ) : ^ °

i. By d i r e c t  i s o l a t i o n  o f  a l d e h y d e ;

A 250 mL S c h le n k  t u b e  was c h a r g e d  w i t h  5*0377 g ( 0 .0 1 2 1  

mole)  o f  3 - m e t h y l - l - b u t y l t r i p h e n y l p h o s p h o n i u m  b r o m i d e ^  and  

c a .  125 mL o f  d r y  e t h e r  u n d e r  n i t r o g e n .  n - B u t y l l i t h i u m  ( 2 . t o  

M, 6 mL, 0. O l to  mole.) • was ad d ed  d ro p w is e  w i t h  s t i r r i n g  a t

0 -5°C .  The y l i d  was s t i r r e d  o v e r n i g h t  a t  a m b ie n t  t e m p e r a t u r e ,  t h e n  

I .3839  g ( 0 . 0 1 0 5  mole)  o f  g l y o x a l  m o n o a c e t a l  i n  10 mL o f  d r y  

e t h e r  was ad d ed  d ro p w is e  a t  a m b ie n t  t e m p e r a t u r e .  The r e d  

c o l o r e d  y l i d  t u r n e d  a  y e l l o w - t a n  and  t h e  s u s p e n s i o n  was 

s t i r r e d  f o r  1 h .  P o t a s s i u m  t e r t - b u t o x i . d e  ( 2 . 3 9 7 7  ’g» 0 .0 2 1 0  

m ole )  was ad d ed  and  t h e  s u s p e n s i o n  t u r n e d  b r o w n - t a n f 0a  T h i s  

s u s p e n s i o n  was s t i r r e d  f o r  3 h and  t h e n  p o u r e d  o n to  c o l d
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d i l u t e  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  and  e x t r a c t e d  w i t h  e t h e r  

(2x200 mL). The e t h e r  was washed  w i t h  d i s t i l l e d  w a t e r  and  d r i e d  

(KgCO^). t h e n  c o n c e n t r a t e d  i n  vacuo  t o  a f f o r d  a n  o i l .  The

crude a c e t a l  was t a k e n  up i n  THF and  h y d r o l y z e d  a t  0-5°C w i t h  

10$ HC1 f o r  1 h .  The s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  (3x50 

mL) and  washed  s e q u e n t i a l l y  w i t h  NaHCO^, wa ter ,  and  b r i n e .

The e t h e r  was d r i e d  (MgSO^) and c o n c e n t r a t e d  i n  vacuo  t o  

a f f o r d  a n  o i l  w h ich  was d i s t i l l e d  on a  K u g e l r o h r - t y p e  a p p a ­

r a t u s ,  0 .7 6 4 9  g ( 6 5 . 4 $ ) ;  bp  48-50°C (12  mm), ( l i t ? 0 81-83°C 

(50 mm)); DNP, m p ( e t h a n o l )  148-150°C ,  ( l i t ? 0 1 4 9 -1 5 0 °C ) .

I R ( n e a t ) ; 2970,  2880 ,  2820,  2740 ,  I 69O, 1640, 1465 cmT1 

NMR(CCl^); 6 0 .9 8  ( d ,  6h,  J  = 6 H z) ,  1 . 7 - 2 . 4  (m, 3 H ) , 6 .0 8  

( d d t ,  lH a, J  = 16,  7 - 5 ,  1 . 5  H z ) ,  6 .8 7  ( d t ,  1 %  J  = 16, 7 H z) ,

9 -3 5  ( d ,  1H, J  = 8 H z ) .

i i .  By i s o l a t i o n  o f  a c e t a l ;

U s in g  a  s i m i l a r  p r o c e d u r e  a s  i n  i .  5*0011 g ( 0 .0 1 2 1  mole)  

o f  3 - m e t h y l - l - b u t y l t r i p h e n y l p h o s p h o n i u m  b r o m i d e ,  7*6 mL 

( 0 . 0 1 8 6  mole)  o f  2 . 4 5  M n - b u t y l l i t h i u m ,  1 . 3 4  g ( 0 . 0 1 0  mole ) 

o f  g l y o x a l  m o n o a c e t a l ,  and  2 .4 3 5 0  g ( 0 .0 2 1 7  mole)  o f  p o t a s s i u m  

t e r t - b u t o x i d e  were  combined  a s  b e f o r e  and  a f t e r  work up  t h e  

c r u d e  a c e t a l  was i s o l a t e d  a s  a n  o i l .  D i s t i l l a t i o n  i n  a  K u g e l ­

r o h r - t y p e  a p p a r a t u s  a f f o r d e d  0 .7 8 4 3  g ( 4 2 . 2 $ )  o f  t h e  d e s i r e d  

a c e t a l  a s  a  m i x t u r e  o f  c i s - t r a n s  i s o m e r s ;  bp  93-95°C ( 2 . 7  mm). 

I R ( n e a t ) ;  3035 .  2970 ,  2940, 2 8 7 0 , 1 6 5 8 , 1463,  1120, 1052, 995 cmT1 

NMR(CCl^); 6 0 .9 2  ( d ,  6H, J  = 7  H z ) ,  1 . 1 6  ( t ,  6h,  J  = 7 - 5 - H z ) ,

1 .6 5  (m, 1H), 2 .0 3  ( q ,  2H, J  = 5*5 H z ) .  4 . 5 2  (m, 4 H ) , 5*15 (d  

w i t h  f i n e  s t r u c t u r e ,  1H, J  = 5 Hz) ,  5*5 (m, 2 H ) .
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The above  a c e t a l  ( 0 . 7 5 6 6  g ,  0 . 0 0 4  mole)  ' was h y d r o l y z e d  

i n  t h e  u s u a l  way t o  a f f o r d  t h e  c r u d e  a l d e h y d e .  T h i s  was 

d i s t i l l e d  t o  y i e l d  0 . 3 ‘2 g . ( 7 0 . 5 # )  o f  5 - m e t h y l - ( E ) - 2 - h e x e n a l ,  

i d e n t i c a l  w i t h  t h e  s p e c t r a l  p r o p e r t i e s  i n  i .

15.  P r e p a r a t i o n  o f  ( E ) - 2 - 0 c t e n a l  ( T a b i d  3 ,  E n t r y  2 ) : ^ °

U s i n g  t h e  g e n e r a l  p r o c e d u r e  o f  e x p e r i m e n t  14 ,  5 -1 3 5 0  g

( 0 .0 1 2 3  mole)  o f  h e x y l t r i p h e n y l p h o s p h o n i u m  b r o m i d e ^  7 mL

( 0 . 0 1 7 5  mole ) o f  2 . 4 5  M n - b u t y l l i t h i u m ,  I . 3 8  g ( 0 . 0 1 0 4  m ole )

o f  g l y o x a l  m o n o a c e t a l ,  2 .4 4 6 2  g ( 0 . 0 2 1 8  m ole )  o f  p o t a s s i u m

t e r t - b u t o x i d e , and  200 mL o f  e t h e r  were  combined  i n  t h e  u s u a l

way. A f t e r  work up  a n  o i l  was i s o l a t e d ,  d i s t i l l a t i o n  o f

w h ich  a f f o r d e d  1 . 6 6  g ( 83%) o f  t h e  d e s i r e d  a c e t a l  a s  a  m ix -
61t u r e  o f  c i s - t r a n s  i s o m e r s ;  bp  42 -43°G ,  ( 0 . 0 5  mm), ( l i t .  c i s  

i s o m e r  o n l y  bp  1 1 6 -1 1 8  (30  mm ) ) .

I R ( n e a t ) ; 3020, 29 8 0 , 29 6 0 , 2930, 1652 , 1458, 1435. 1110, 1045, 

990 cmT1

NMR(CCl^ ) 5 6 1 . 1 4  ( t ,  6H, J  = 7 H z ) ,  0 . 9 - 1 . 6  (m, 9 H ) , 2 .1 3  

(m, 2H),  3 -5 2  (m, 4 h ) , 5 - 1 6  (m, 1 H ) , 5 - 3 8 - 5 - 8 3  (m, 2 H ) .

2 - 0 c t e n a l  d i e t h y l a c e t a i  ' ( 1 .5 6  g ,  0 .0 0 7 8  m ole )  was 

h y d r o l y z e d  f o r  4 . 5  h  a t  a m b i e n t  t e m p e r a t u r e  i n  THF/5$ HC1 

( 1 : 1 ) .  Work up  and  d i s t i l l a t i o n  a f f o r d e d  0 . 8 7  g ( 8 8 . 8 $ )  o f  

t h e  d e s i r e d  a l d e h y d e ;  bp  7 5 - 77°C (15  mm), ( l i t ^ °  69~71 °C (9  mm)); 

DNP(EtOAc) mp 12 4 -1 2 5 °C ,  ( l i t * ? 0 mp 128°C ) .

I R ( n e a t ) ; 3035 .  2 9 6 5 , 2935 .  2865,  2820 ,  2740 ,  1690 ,  I 63O,
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1460, 1145, 975 cmT1

NMR(CCl^); 6 0 . 9 0  ( t ,  3H, J  = 6  H z ) ,  1 . 1 - 1 . 8  (m, 6 H ) , 2 .3 3  (q.  2H, 

J  = 6 H z ) , 6 .0 5  ( d d t ,  1H , J  = 1 5 . 5 ,  7«5» 1 . 2  H z ) , 6 . 8 5  (d-fc,
SL

lHb, J  = 1 5 . 5 ,  7 . 5  H z ) ,  9 - 5 5  ( d ,  1H, J  = 7 -5  H z) .

16.  P r e p a r a t i o n  o f  3 - M e t h y l - 2 - t > u t e n a l  ( T a b l e  3> E n t r y  1 ) : ^ 3

A 250 mL S c h le n k  t u b e  was c h a r g e d  u n d e r  n i t r o g e n  w i t h  

9 .9 2 0 4  g ( 0 .0 2 2 9  mole)  o f  i s o p r o p y l t r i p h e n y l p h o s p h o n i u m  

i o d i d ^ a n d  100 mL o f  d r y  h e x a n e ,  and  10 mL.( 0 . 0 2 4 5  m ole )  o f

2 . 4 5  M n - b u t y l l i t h i u m  was a d d e d  d r o p w is e  a t  a m b ie n t  t e m p e r a t u r e .  

The y l i d  was r e f l u x e d  f o r  1 h and  s t i r r e d  o v e r n i g h t ,  . 

a f t e r  w h ich  2 .4 4 3 9  g ( 0 . 0 1 8 5  m ole )  o f  g l y o x a l  m o n o a c e t a l  i n

10 mL o f  h exane  was ad d ed  and  t h e  s u s p e n s i o n  was r e f l u x e d
62f o r  2 h .  A f t e r  c o o l i n g  4 .2 2 0 7  g ( 0 . 0 3 7 6  m ole )  o f  p o t a s s i u m  

t e r t - b u t o x i d e  was ad d ed  and  t h e  s u s p e n s i o n  was s t i r r e d  f o r

2 . 5  h .  The s u s p e n s i o n  was p o u r e d  o n to  c o l d  d i l u t e  p o t a s s i u m  

h y d r o x i d e  and  e x t r a c t e d  w i t h  p e t r o l e u m  e t h e r  (2x150  mL) .

The o r g a n i c  p h a se  was washed  s e q u e n t i a l l y  w i t h  w a t e r  (2x200  mL) 

and  b r i n e ,  d r i e d  (KgCO^), and  c o n c e n t r a t e d  i n  v a c u o . D i s t ­

i l l a t i o n  o f  t h e  r e s u l t i n g  o i l  a f f o r d e d  1 .8 4 2 4  g ( 63$)  o f

3 - m e t h y l - 2 - b u t e n a l  d i e t h y l a c e t a l ; bp  53-55°C (12  mm), ( l i t ^  

60-62°C (17  mm)). S p e c t r a l  p r o p e r t i e s  were  i d e n t i c a l  w i t h  

t h o s e  o f  e x p e r i m e n t  11.

The a c e t a l  ( 1 . 5 5 0 0  g ,  0 .0 0 9 8  m o le )  was h y d r o l y z e d  i n  

t h e  u s u a l  m anner  t o  a f f o r d  a f t e r  d i s t i l l a t i o n  O.6 3  g (79%)
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o f  t h e  d e s i r e d  a l d e h y d e ;  bp  30 - 3 1 °C (12  mm), ( l i t ^  bp  3 0 j:3 2 °C 

( 1 2 m m ) ) .  I R ( n e a t ) ; 2990,  2930 ,  2860,  2770 ,  1 6 7 8 , I 63O, 1450, 

1200  cmT1

NMR(CCl^); 6 2 . 0 6  ( d ,  6h ,  J  = 11 H z ) ,  5 - 8  (m, 1 H ) , 9 . 9 5  (d»

1H, J  = 8 H z ) ;  DNP, mp(EtOAc) 1 8 0 -181°C ,  ( l i t * ? 3 mp 1 8 3 -1 8 4 ° C ) .

17- Preparation of 4-Methyl-2,4-pentadienal Diethylacetal 
(Table .3 Entry 4):

A 250 mL S c h l e n k  t u b e  was c h a r g e d  u n d e r  n i t r o g e n  w i t h  

4 .2 9 0 9  g ( 0 .0 1 2 2  m o le )  o f  2 - m e t h y l - 2 - p r o p e n y l t r i p h e n y l p h o s -
rp £

phonium c h l o r i d e ,  150 ml o f  d r y  e t h e r ,  and  7 mL ( 0 .0 1 7 7  mole)  

o f  2 . 4 5  M n - b u t y l l i t h i u m  were  combined  i n  t h e  u s u a l  manner  

a t  a m b ie n t  t e m p e r a t u r e .  The y l i d  was s t i r r e d  o v e r n i g h t ,  t h e n

1 -3359  g ( 0 .0 1 0 1  m ole )  o f  g l y o x a l  m o n o a c e t a l  i n  10 mL o f  

e t h e r  was a d d e d .  The r e a c t i o n  was s t i r r e d  f o r  2 h and  t h e n  

worked up i n  t h e  u s u a l  way. The r e s u l t i n g  o i l  was d i s t i l l e d  

t o  a f f o r d  a  m a in  f r a c t i o n ,  bp 25-32°C ( 0 . 3  mm), 0 .7 7 3 4  g 

( 4 5 . 4 $ ) .  The H-NMR i n d i c a t e d  t h e  a c e t a l  was p r e s e n t ,  b u t  

w i t h  s i g n i f i c a n t  i m p u r i t i e s .  The o i l  was c h r o m a t o g r a p h e d  

on b a s i c  a l u m i n a  I I I  and  e l u t e d  w i t h  10$ b e n z e n e / p e t r o l e u m  

e t h e r ,  a f f o r d i n g  0 . 3 6  g ( 2 1 . 1 $ )  o f  t h e  p u r e  a c e t a l .

I R ( n e a t ) ; 3085, 3025, 2 9 8 0 , 2930, 2880, 1680, 1640,1610, 1440, 

1020, 1050 , 9 9 0 , 885, 775 cmT1

NMR(CCl^); 6 1 . 1 4  ( t ,  6H, J  = 7 H z ) ,  1 .83  ( b r  s ,  3 H ) , 3-55 
(m, 4 H ) , 5 -02  ( b r  s ,  2 H ) , 5 - 1 5 - 6 . 6  (m, 3 H ) .
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The a c e t a l  was h y d r o l y z e d  a t  0-5°C f o r  1 h i n  t h e  u s u a l  way. 

The v e r y  s e n s i t i v e  a l d e h y d e  was i s o l a t e d  hy  s t e a m  d i s t i l l a t i o n ,  

b u t  c o u l d  n e v e r  be f r e e d  f rom  s i g n i f i c a n t  i m p u r i t i e s .  A t t e m p t e d  

d i s t i l l a t i o n  o f  t h e  c r u d e  a l d e h y d e  r e s u l t e d  i n  m a j o r  decompo­

s i t i o n .  DNP, mp(EtOAc) 135-136°C .  IR was n o t  t a k e n .

NMR(CCl^); 6 1 . 9 0  ( s ,  3 H ) , 5 - ^  ( b r  s ,  2 H ) , 6 . 0 5  ( d d ,  1H&,

J  = 17,  7 H z) ,  7 . 2  ( d ,  lHb , J  = 17 H z) ,  9 - 5 2  ( d ,  1H,. J  = 7 H z) .  

T h e re  were  i m p u r i t i e s  w i t h  s i g n a l s  a t  1 . 0 - 1 . 5  and  3 . 0 - 5 . 0  ppm.

18. P r e p a r a t i o n  o f  t r a n s -C in n a m a ld e h y d e  ( T a b l e  3» E n t r y  9 ) :

A 250 mL S c h l e n k  t u b e  was c h a r g e d  u n d e r  n i t r o g e n  w i t h
7 72 . 06^7 g ( 0 .0 0 5  m o le )  o f  b e n z y l t r i p h e n y l p h o s p h o n i u m  b r o m i d e ,

120 mL o f  d r y  DMS0, and  0 .7 ^ 9  g ( 0 . 0 0 6 6  m ole )  o f  p o t a s s i u m  

t e r t - b u t o x i d e . The y l i d  was s t i r r e d  f o r  3 h a t  a m b i e n t  tem p­

e r a t u r e ,  and  0 . 8 0  g ( 0 .0 0 6 6  m o le )  o f  g l y o x a l  m o n o a c e t a l  i n  

10 mL o f  d r y  DM.SO was a d d e d .  The s u s p e n s i o n  was s t i r r e d  f o r  

3 h .  A f t e r  t h e  u s u a l  work up t h e  c r u d e  a c e t a l  was h y d r o l y z e d  

i n  t h e  s t a n d a r d  m an n er .  C h ro m a to g ra p h y  o f  t h e  c r u d e  a l d e h y d e  

on a l u m i n a  I I  w i t h  20fo b e n z e n e / p e t r o l e u m  e t h e r  a f f o r d e d  0 .2 9  g 

o f  t r a n s - c i n n a m a l d e h y d e , i d e n t i c a l  i n  a l l  r e s p e c t s  ( IR ,  

NMR, TLC) w i t h  a n  a u t h e n t i c  s a m p l e .
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6419. P r e p a r a t i o n  o f  C y c l o h e x y l t r i p h e n y l p h o s p h o n i u m  B rom ide :

A 500 mL s i n g l e  n e c k e d  r o u n d  b o t to m e d  f l a s k  was c h a r g e d  

w i t h  7 8 . 7 4  g ( 0 . 3  m ole )  o f  t r i p h e n y l p h o s p h i n e  and  9 7 -7 2 5  g 

(O .606  m ole )  o f  f r e s h l y  d i s t i l l e d  b r o m o c y c l o h e x a n e . The 

f l a s k  was h e a t e d  a t  c a .  140°C f o r  60 h u n d e r  n i t r o g e n .  The 

r e s u l t i n g  s o l i d  was c o l l e c t e d  and  washed  w e l l  w i t h  e t h e r  and  

a i r  d r i e d .  T h i s  a f f o r d e d  1 0 5 .2 9  g (82 .5% ) o f  t h e  d e s i r e d  

s a l t .  m p ( m e t h a n o l / w a t e r )  Z 6 6 - 2 ? 1 ° C , ( l i t .  mp 255-259°C ,  

267 -269°C 5 1 ) .

& c
20 .  P r e p a r a t i o n  o f  C y c l o b u t y l t r i p h e n y l p h o s p h o n i u m  Bromide: D

To a  s t i r r e d  s u s p e n s i o n  o f  1 0 .4 3 0 4  g ( 0 . 0 2 1 8  mole)  o f  4 -
rp O

b r o m o b u t y l t r i p h e n y l p h o s p h o n i u m  b r o m i d e ' i n  100 mL o f  d ry  

e t h e r  was ad d ed  d r o p w is e  u n d e r  a r g o n  a t  0-5°C 25 mL ( 0 . 0 4 5  

mole)  o f  1 . 8 m  p h e n y l l i t h i u m .  The y l i d  was s t i r r e d  o v e r n i g h t .  

Hydrogen  b ro m id e  g a s  was p a s s e d  t h r o u g h  t h e  y l i d ,  w hereupon  

a  gummy w h i t e  s o l i d  d e p o s i t e d .  The s o l i d  was r e c r y s t a l l i z e d  

from  w a t e r  a f f o r d i n g  5-9811  g ( 6 9 . 1%) o f  t h e  phosphon ium  s a l t ,  

mp 274-276°C ,  ( l i t . 65 mp 2 7 8 . 5 - 2 7 9 - 5 °C ) .
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21. P r e p a r a t i o n  o f  C y c l o h e x y l i d e n e  A c e t a l d e h y d e  ( T a b le  

3 i E n t r y  8 ) : ^

The compound was p r e p a r e d  u s i n g  t h e  p r o c e d u r e  o u t l i n e d  

i n  e x p e r i m e n t  16.  C y c l o h e x y l t r i p h e n y l p h o s p h o n i u f f l  b rom ide  

( 9 . 3 7 7 4  g ,  0 .0 2 2 0  m o l e ) ,  10 mL ( 0 . 0 2 4 5  mole ) o f  n - b u t y l ­

l i t h i u m ,  2 .6 8 9 4  g ( 0 . 0 2 0 3  mole ) o f  g l y o x a l  m o n o a c e t a l ,  4 .8 9 2 2  

g ( 0 . 0 4 3 6  m ole )  o f  p o t a s s i u m  t e r t - b u t o x i d e , and  200 mL o f  

d r y  hexane  were  combined  a s  d e s c r i b e d .  Work up  and  d i s t i l l a t i o n  

o f  t h e  r e s i d u e  a f f o r d e d  1 .8 5 4 3  g ( 4 7 - 3 $ )  o f  t h e  d e s i r e d  a c e t a l ;  

bp  60-65°C ( 0 . 2 5  mm); I R ( n e a t ) ;  2980 ,  2935.  2860 ,  1675. 1650, 

1615, 1440,  1195.  1180,  1 1 3 0 , 1050 cmT1 .

NMR(CCl^); 6 1 .1 3  ( t ,  6h , J  = 6 H z) ,  1 . 5  (m, 6 H ) , 2 .1  (m, 4 H ) ,

3 . 4 5  (m, 4 H ) , 5 -1  (m, 2H).

The a c e t a l  - ( 1 . 6 9  g . 0 .0 0 8 5  m ole )  was h y d r o l y z e d  i n  t h e

u s u a l  way t o  a f f o r d  a f t e r  d i s t i l l a t i o n  0 .9 7 6 0  g ( 9 2 . 6$ )  o f
f\£\t h e  d e s i r e d  a l d e h y d e ;  bp  3 5~ 350C ( 0 . 2 6  mm), ( l i t .  bp  58°C 

(1 mm));  DNP, mp(EtOAc) 192-195°C ,  ( l i t * ? 6 mp 2 0 1 °C ) ;  s e m i -  

c a r b a z o n e ,  mp( e t h a n o l / w a t e r ) 208-210°C d e c . ,  ( l i t ^  mp 210°C 

d e c . ) ;  I R ( n e a t ) ; 2940,  2 8 6 5 , 2780,  1675 .  1620, 1445, 920 cmT1 

NMR(CCl^); 6 1 . 69 (m, 6 h ) , 2 . 2 8  (m, 2 H ) , 2 . 7 5  (m, 2 H ) , 5-7 2  

( d  w i t h  f i n e  s p l i t t i n g ,  1H, J  = 7 - 6  Hz) ,  1 0 . 0  ( d ,  1H, J  =

8 Hz) .
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22.  P r e p a r a t i o n  o f  C y c l o p e n t y l i d e n e  A c e t a l d e h y d e  ( T a b le  

• 3 , E n t r y  7 ' ) j 66

The a c e t a l  was p r e p a r e d  u s i n g  t h e  g e n e r a l  p r o c e d u r e  i n
tl 1

e x p e r i m e n t  14.  C y c l o p e n t y l t r i p h e n y l p h o s p h o n i u m  b ro m id e^

( 5 . 0 8 4 5  g ,  0 .0 1 2 3  m o le ) ,  7 mL ( 0 .0 1 7 2  mole)  o f  2 . 4 5  M n -

b u t y l l i t h i u m ,  and  100 mL o f  e t h e r  were  com bined  a s  d e s c r i b e d .

A f t e r  o v e r n i g h t  s t i r r i n g  o f  t h e  y l i d ,  1 .3 9 0 4  g ( 0 . 0 1 0 5  mole )

o f  g l y o x a l  m o n o a c e t a l  i n  10 mL o f  e t h e r  was a d d ed  f o l l o w e d

1 h l a t e r  w i t h  2 .6 2 6 8  g ( 0 . 0 2 3 4  m ole )  o f  p o t a s s i u m  t e r t -

b u t o x i d e .  The s u s p e n s i o n  was s t i r r e d  f o r  2 h and  t h e n  worked

up i n  t h e  u s u a l  m an n er .  D i s t i l l a t i o n  o f  t h e  r e s u l t i n g  o i l

a f f o r d e d  1 . 2 6  g ( 6 8 . 5 $ )  o f  t h e  d e s i r e d  a c e t a l ;  bp  50-53°C

( 0 . 3 8  mm); S p e c t r a l  p r o p e r t i e s  i d e n t i c a l  w i t h  e x p e r i m e n t  10.

The a c e t a l  ( I .23  g ,  0 .0 0 6 6  m o le )  was h y d r o l y z e d  i n  t h e

u s u a l  way t o  a f f o r d  a f t e r  d i s t i l l a t i o n  O .56 5 I  g ( 7 7 - 8 $ )  o f

t h e  d e s i r e d  a l d e h y d e ;  bp  47-48°C (1 mm); DNP, mp(EtOAc) 185-  
66

186°C, ( l i t .  1 80°C ) .  S p e c t r a l  p r o p e r t i e s  i d e n t i c a l  w i t h  

e x p e r i m e n t  4 .

2 3 . P r e p a r a t i o n  o f  C y c l o b u t y l i d e n e  A c e t a l d e h y d e  XXXII 

( T a b l e  3; E n t r y  6 ) :

i .  By r e a c t i o n  w i t h  c y c l o b u t y l t r i p h e n y l p h o s p h n i u m  b ro m id e ;  

P h e n y l l i t h i u m  ( 1 .8  M, 9 mL, 0 . 0 1 6 m ole )  was a d d ed  t o  a  

r a p i d l y  s t i r r e d  s u s p e n s i o n  o f  4 .8 1 6 4  g ( 0 .0 1 2 1  m o le )  o f
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c y c l o b u t y l t r i p h e n y l p h o s p h o n i u m  b ro m id e  D i n  125 mL o f  d r y  e t h e r  

u n d e r  a r g o n .  The y l i d  was s t i r r e d  a t  a m b i e n t  t e m p e r a t u r e  

o v e r n i g h t ,  t h e n  1 .3 2 0 0  g ( 0 .0 1 0  m ole )  o f  g l y o x a l  m o n o a c e t a l  i n  

10 mL o f  e t h e r  was a d d e d .  A f t e r  1 h ,  2 .5 1  g ( 0 . 0 2 2 4  mole)  o f  

p o t a s s i u m  t e r t - b u t o x i d e  was ad d ed  t o  t h e  c h a l k  w h i t e  s u s ­

p e n s i o n  and  s t i r r i n g  was c o n t i n u e d  f o r  2 h .  A f t e r  t h e  u s u a l  

work u p ,  d i s t i l l a t i o n  o f  t h e  r e s u l t i n g  o i l  a f f o r d e d  1 .2 2 3 2  g 

( 72%)  o f  t h e  d e s i r e d  a c e t a l .  From t h e  H-NMR t h e  compound 

was c o n t a m i n a t e d  w i t h  U.8% b i p h e n y l ;  bp  3 9 - ^ 2 °C ( 0 .1  mm).

I R ( n e a t ) ; 2985 ,  2940 ,  2880 ,  1682,  1120,  1065 ,  1045 cm. -1  

NMR(CCl^); 6 1 . 1  ( t ,  6H, J  = 7 H z) ,  2 . 0 5  (m, 2 H ) , 2 . 6  (m, 4 H ) ,

3 . 4 5  (m, 4 H ) , 4 . 8  ( d ,  1H, J  = 5 -5  H z) ,  5 -0 5  (m, 1 H ) .

The a c e t a l  ( 1 . 4 8  g ,  0 .0 0 8 7  mole)  was h y d r o l y z e d  i n  t h e  

u s u a l  way t o  a f f o r d ,  a f t e r  b u l b  t o  b u l b  d i s t i l l a t i o n ,  0 .5 4 4 8
-f

g ( 6 5 . 2$ )  o f  t h e  d e s i r e d  a l d e h y d e  a s  a n  u n s t a b l e  o i l .  H-NMR 

i n d i c a t e d  t h a t  some d e c o m p o s i t i o n  had  o c c u r r e d  d u r i n g  i s o l a t i o n .

IR was not taken due to decomposition.
NMR(CCl^); 6 1 . 3  (m, 2 H ) , 2 . 2  (m, 4 H ) , 5 -7 2  (m, 1 H ) , 9 - 5

( d ,  1H, J  = 7 - 5  H z ) .  T h e re  were  i m p u r i t i e s  w i t h  s i g n a l s  a t  3«1

ppm. S e m i c a r b a z o n e , m p ( e t h a n o l / w a t e r )  2 0 0 - 2 0 1 °C.

i i .  By r e a c t i o n  w i t h  4 - b r o m o b u t y l t r i p h e n y l p h o s p h o n i u m  

b r o m i d e :

To a  s t i r r e d  s u s p e n s i o n  o f  1 0 .6 4 0 4  g ( 0 . 0 2 2 2  m ole )  o f

4 - b r o m o b u t y l t r i p h e n y l p h o s p h o n i u m  bromide^® i n  200 mL o f  d ry  

e t h e r  was a d d ed  u n d e r  a r g o n  50 mL ( 0 . 0 9  m ole )  o f  1 . 8  M p h e n y l -  

l i t h i u m .  The y l i d  was s t i r r e d  o v e r n i g h t ,  t h e n  2 .7 1  g ( 0 .0 2 0 5  mole)
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o f  g l y o x a l  m o n o a c e t a l  i n  10 mL o f  e t h e r  was ad d ed  f o l l o w e d  

1 h l a t e r  w i t h  5 -0 7 2 7  g ( 0 . 0 4 5 2  mole)  o f  p o t a s s i u m  t e r t -  

b u t o x i d e .  S t i r r i n g  was c o n t i n u e d  f o r  3 h ,  and  a f t e r  t h e  u s u a l  

work u p ,  t h e  r e s i d u e  was c h r o m a t o g r a p h e d  on  b a s i c  a l u m i n a  I I I  

and  e l u t e d  f i r s t  w i t h  p e t r o l e u m  e t h e r .  A f t e r  t h e  b i p h e n y l  was 

removed t h e  e l u t i o n  s o l v e n t  was c h an g e d  t o  b e n z e n e  and  1 .4 8 0 4  

g ( 4 2 ,k%)  o f  t h e  d e s i r e d  a c e t a l  was i s o l a t e d .  ''’H-NMR i n d i ­

c a t e d  t h a t  c a .  k% o f  t h e  a c e t a l  had  h y d r o l y z e d  t o  t h e  a l d e h y d e
1during isolation. IR and H-NMR were m  full agreement with 

the material in section i.

24. P r e p a r a t i o n  o f  C y c l o p r o p y l i d e n e  A c e t a l d e h y d e

D i e t h y l a c e t a l  XXXI ( T a b l e  3» E n t r y  5 ) :

The compound was p r e p a r e d  u s i n g  a  p r o c e d u r e  s i m i l a r  t o
7 9e x p e r i m e n t  2 3 i .  C y c l o p r o p y l t r i p h e n y l p h o s p h o n i u m  ‘b r o m i d e f 7 

( 1 0 . 6 5 3 2  g ,  0 .0 2 7  m o l e ) ,  1 9 . 6  mL ( 0 . 0 3 5  m ole )  o f  1 . 8  M 

p h e n y l l i t h i u m ,  and  200 mL o f  e t h e r  were  com bined  a s  d e s c r i b e d  

t o  fo rm  t h e  y l i d  w h ic h  was s t i r r e d  o v e r n i g h t .  G l y o x a l  mono­

a c e t a l  ( 3 - 1 7  g .  0 . 0 2 4  m ole )  was a d d e d ,  f o l l o w e d  1 h l a t e r  

w i t h  5 - 2 1 8 4  g ( 0 . 0 4 6 5  m ole )  o f  p o t a s s i u m  t e r t - b u t o x i d e .

A f t e r  t h e  u s u a l  work up  and  d i s t i l l a t i o n  ( b u l b  t o  b u l b )  

a n  o i l  was i s o l a t e d ,  2 . 9 5  g ( 7 8 . 9 $ ) -  ^H-NMR i n d i c a t e d  t h a t  

t h e  a c e t a l  was c o n t a m i n a t e d  w i t h  7 . 1 %  b i p h e n y l ,  bp  27-28°C 

( 0 . 1 2  mm); I R ( n e a t ) ;  2950 ,  1670 ,  1475.  1390 ,  l l 6 0 ,  1140,

1 0 7 0 , 1020  cm. -1
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NMR(CCljiji) ; 6 1 .1  (m, 1 0H ) , 3 - 5  (m, 4-H), 5 - 0  ( d ,  1H, J  = 6 H z ) ,

5 . 8 5  (m, 1H).

H y d r o l y s i s  o f  t h e  a c e t a l  p r o d u c e d  t h e  v e r y  u n s t a b l e  and  a g g r e -  

s i v e  s m e l l i n g  a l d e h y d e .  The a l d e h y d e  c o u l d  n o t  be i s o l a t e d  

w i t h o u t  much d e c o m p o s i t i o n  and  was n o t  s t u d i e d  f u r t h e r .

25.  P r e p a r a t i o n  o f  2 - B u t y n e - l ,4—b i s ( t r i p h e n y l p h o s p h o n i u m

b ro m id e )  XXVII;

A 500 mL s i n g l e  n e c k e d  r o u n d  b o t to m e d  f l a s k  was c h a r g e d  

u n d e r  n i t r o g e n  w i t h  4 4 .5 3 5 9  g ( 0 . 2 1 0  m ole )  o f  1 ,4 —d i b r o m o - 2 -  

b u t y n e  and  112.34-18 g (0.4-30 mole)  o f  t r i p h e n y l p h o s p h i n e  i n  

300 mL o f  d r y  DMF. The s o l u t i o n  was s t i r r e d  f o r  3 h a t  80°C.

The r e s u l t i n g  p r e c i p i t a t e ,  9 6 . 5  g ( 6 2 . 4 $ )  was washed  w e l l  w i t h  

e t h e r  and  a i r  d r i e d .  m p ( m e t h a n o l / w a t e r )  221-223°C .

26 . P r e p a r a t i o n  o f  F o r m y l m e t h y l e n e t r i p h e n y l p h o s p h o r a n e  I i ^ ^ a

To 1500 mL o f  c h l o r o f o r m  was a d d e d  100 g o f  4-5$ a q u eo u s  

c h l o r o a c e t a l d e h y d e  ( A l d r i c h )  and t h e  s o l u t i o n  was d i s t i l l e d  

u n t i l  t h e  c h l o r o f o r m - w a t e r  a z e o t r o p e  was c o m p l e t e l y  removed 

( b p  56°C ) ,  and  t h e  s o l u t i o n  was a n h y d r o u s .  T r i p h e n y l p h o s p h i n e  

( 1 5 1 . 0 7  g ,  0 .5 7 6  mole)  was ad d ed  and  t h e  s o l u t i o n  was r e f l u x e d  

f o r  18 h .  A s y r u p  was d e p o s i t e d  w h ich  s o l i d i f i e d  upon  c o o l i n g .

The c r u d e  phosphon ium  s a l t  ( 1 0 0 . 5 9  g» 5 1 -2 $ )  was r e c r y s t a l l i z e d  

from c h l o r o f o r m / e t h y l  a c e t a t e  t o  y i e l d
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4 8 . 1 8  g o f  t h e  s a l t ;  mp 207-208°C d e c . ,  ( l i t ^ a  212-213°C d e c . ) .

The s t a b i l i z e d  p h o s p h o r a n e  was o b t a i n e d  by  t r e a t m e n t  o f  a n  

a q u eo u s  s o l u t i o n  o f  t h e  s a l t  w i t h  10$  sodium h y d r o x i d e ;  mp( 

a c e t o n e )  183-185°C d e c . ,  ( l i t * 5a  187-188°C d e c . ) .

The y l i d  a l s o  c o u l d  be o b t a i n e d  d i r e c t l y  by r e a c t i o n  o f  

a  s t i r r e d  s u s p e n s i o n  o f  7-5383  g ( 0 .0 2 1 1  m o le )  o f  m e t h y l t r i -  

p h e n y lp h o sp h o n iu m  b ro m id e  i n  150 mL o f  d r y  e t h e r  u n d e r  n i t r o g e n  

w i t h  10 mL ( 0 . 0 2 4 5  m ole )  o f  2 . 4 5  M n - b u t y l l i t h i u m .  The 

y l i d  was s t i r r e d  f o r  1 h and  t h e n  ad d ed

t o  a  r a p i d l y  s t i r r e d  i c e  c o l d  s o l u t i o n  o f  2 .2 0 8 6  g ( 0 .0 2 9  

mole ) o f  e t h y l  f o r m a t e  i n  100 mL o f  e t h e r .  The s u s p e n s i o n  

was e x t r a c t e d  w i t h  10$ h y d r o c h l o r i c  a c i d .  The a q u eo u s  p h a se  

was t h e n  made b a s i c  w i t h  10$  sodium h y d r o x i d e  and  t h e n  e x ­

t r a c t e d  w i t h  b e n z e n e  (2x200  mL) . The b e n z e n e  was washed w i t h  

w a t e r ,  d r i e d  (KgCO^),  and  c o n c e n t r a t e d  i n  v acu o  t o  a f f o r d  

3 . 0 3  g ( 4 2 . 4 $ )  o f  t h e  p h o s p h o r a n e  w h ich  was l i g h t  t a n  i n  c o l o r ;  

m p ( a c e t o n e )  183-185°C d e c . ,  ( l i t ' l ^ 3' mp 186-187°C d e c . ) .

2 7 . P r e p a r a t i o n  o f  4 , 4 - D i e t h o x y - 2 - b u t e n a l  XXXY ( T a b l e  4 ,

E n t r y  5 ) ? ^ ’ 68

A 100 mL s i n g l e  n e c k e d  r o u n d  b o t to m e d  f l a s k  e q u i p p e d  w i t h  

m a g n e t i c  s t i r r i n g  b a r ,  r e f l u x  c o n d e n s e r  and  n i t r o g e n  i n l e t  

was c h a r g e d  w i t h  3 -6 0 6 6  g ( 0 .0 1 0 6  m o le )  o f  f o r m y l m e t h y l e n e -  

t r i p h e n y l p h o s p h o r a n e  I  , 1 .3 8 8 6  g ( 0 . 0 1 0 5  m ole )  o f  g l y o x a l

m o n o a c e t a l  and  50 mL o f  d r y  t o l u e n e .  The m i x t u r e  was r e f l u x e d
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f o r  16 h .  The s u s p e n s i o n  was c o o l e d ,  t h e  s o l i d s  were  f i l t e r e d ,  

and  v o l a t i l e s  w ere  removed u n d e r  vacuum. The r e s i d u e  was 

d i s t i l l e d  t o  a f f o r d  1 .1 2 0 6  g ( 6? . 5$» u n o p t i m i z e d )  o f  t h e  

d e s i r e d  a c e t a l ;  hp  43-48°C ( 0 . 0 5  mm), ( l i t . - ^ 1>, ^  45~50°C 

( 0 . 1 5  mm)); I R ( C C l ^ ) ;  2990 ,  2942,  2887 ,  2820, 2728 ,  1694,

1 6 6 0 , 1542, 1477,  1437,  1 1 0 0 , 1042,  990 cm. -1

NMR(CCl^); 6 1 . 2 2  ( t ,  6H, J  = 7 H z) ,  3 - 7  (m, 4 H ) , 5 - 3 4  ( d ,  1H,

J  = 3 - 5  H z) ,  6 .4 3  ( d d ,  lHa , J  = 16 ,  7 Hz) ,  6 . 9 5  (d d ,  lH ^ ,  J  = 

16,  3 - 5  H z ) ,  9 . 5  ( d ,  1H, J  = 7 H z) .

28 .  P r e p a r a t i o n  o f  6 , 6 - D i e t h o x y - ( 2 E ,  4 E ) - 2 , 4 - h e x a d i e n a l

XXXVI (Table 4 ,  Entry 6):

The compound was p r e p a r e d  u s i n g  a  p r o c e d u r e  s i m i l a r  t o  

e x p e r i m e n t  27 .  A s o l u t i o n  o f  4 . 0 5  g ( 0 . 0 1 1 9  m o le ,  2 . 3 4  e q u i v ­

a l e n t s )  o f  f o r m y l m e t h y l e n e t r i p h e n y l p h o s p h o r a n e  I  and  0 .6 6 9 3  g 

( 0 .0 0 5 1  m ole )  o f  XV i n  50 ml o f  d r y  t o l u e n e  was r e f l u x e d  f o r  

48 h .  Work up a s  b e f o r e  and  b u l b  t o  b u l b  d i s t i l l a t i o n  a f f o r d e d  

0 .4 9 1 2  g ( 5 1 • %  u n o p t i m i z e d )  o f  t h e  d e s i r e d  a c e t a l  a s  a  

y e l l o w  o i l ;  I R ( n e a t ) ;  2980 ,  2930,  2720 ,  1680, 1 6 3 5 , 1600,

1470, 1440,  1140,  1 1 0 0 , 1 0 6 0 , 950 cm . -1

NMR(CCl^); 6 1 . 1 8  ( t ,  6h , J  = 7  H z) ,  3 - 5 8  (m, 4 H ) , 5 -0 7  ( d ,  1H, 

J  = 3 - 5  H z) ,  5 . 9 2 - 7 . 3 2  (m, 4 h ) , 9 . 5 4  ( d ,  1H, J  = 7 Hz) .



- 9 0 -

29 .  P r e p a r a t i o n  o f  (2E, 4E, 6e ) - 2 , 4 , 6 - 0 c t a t r i e n e d i a l  

Through  2 , 4 , 6 - 0 c t a t r i e n e d i a l  D i e t h y l a c e t a l  XXXVII ( T a b l e  

4 ,  E n t r y  7 ) : 69 ,  70

The compound was p r e p a r e d  u s i n g  a  p r o c e d u r e  s i m i l a r  t o  

e x p e r i m e n t  27 e x c e p t  t h a t  . p - x y l e n e  was t h e  s o l v e n t .  A 

m i x t u r e  o f  4 .6 5 9 0  g ( 0 . 0 1 3 7  m o le ,  3*28 e q u i v a l e n t s )  o f  I  and

0 .5 5 1 8  g  ( 0 . 0 0 4 2  mole)  o f  XV i n  60 mL o f  d r y  p - x y l e n e  was 

h e a t e d  a t  140°C f o r  72 h .  The s u s p e n s i o n  was d i l u t e d  w i t h  p e t ­

r o l e u m  e t h e r  and  s o l i d s  were  removed by  f i l t r a t i o n .  V o l a t i l e s  

were  removed  i n  vacu o  and  t h e  r e s i d u e  was p r e a b s o r b e d  on b a s i c  

a l u m i n a  I I I  and c h r o m a t o g r a p h e d  on b a s i c  a lu m i n a  I I .  A f t e r  

e l u t i o n  w i t h  ( 3 : 1 )  p e t r o l e u m  e t h e r / e t h e r ,  0 .3 0 0 6  g ( 3 4 . 2 $ ,  u n ­

o p t i m i z e d )  o f  t h e  d e s i r e d  a c e t a l  was i s o l a t e d .

I R ( C C l ^ ) ; 3 0 2 0 , 2970 ,  2870,  2 8 0 0 , 2 7 1 0 , I 69O, 1 6 2 0 , 1 6 0 0 ,

1550,  1440,  1 1 2 5 , 1115,  1 0 6 0 , 1020, 992 cm .-1

NMR(CCl^); 6 1 . 1 8  ( t ,  6H, J  = 7  Hz) ,  3 -5 3  (m, 4 H ) , 4 . 9 5  ( d ,  1H,

J  = 3 H z) ,  5 . 9 - 7 . 3 5  (m, 6 H ) , 9 . 5 7  ( d ,  1H, J  = 7 Hz).

The a c e t a l  ( 0 . 3 0  g ,  0 .0 0 1 4  mole ) was h y d r o l y z e d  i n  t h e  

u s u a l  way t o  y i e l d  a f t e r  c h r o m a to g r a p h y  on s i l i c a  g e l  ( e l u ­

t i o n  w i t h  ( 3 s 1) p e t r o l e u m  e t h e r / e t h e r )  0 .1 6 0 2  g ( 8 2 . 5 $ )  o f  

t h e  d e s i r e d  d i a l . ^ 9 ’ 79 The g a s  ch rom a tog ram  showed one u n ­

i d e n t i f i e d  i m p u r i t y ;  IR (CHCl^) ;  3130 ,  3000 ,  2710 ,  I 67O, 1620, 

1430,  1115 .  1010, 990  cm . -1

NMRtCCl^); 6 6 . 0 - 7 . 5  (m, 6 H ) , 9 - 7  ( d d ,  2H, J  = 7 ,  1 . 5  H z) .

MS( 70 eV);  m/e 136(M+ ) ,  134 , 107 , 106 , 105, 81 ,  79 ,  78 ,  7 7 ( b a s e ) .
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3 0 .  P r e p a r a t i o n  o f  1 , l - D i e t h o x y - 3 , 3 - d i c a r b o m e t h o x y - 2 -

p r o p e n e  L I I I ;

Llq
The p r o c e d u r e  o f  L e h n e r t  was f o l l o w e d .  7 A 250 mL t h r e e  

n e c k e d  r o u n d  b o t t o m e d  f l a s k  f i t t e d  w i t h  m a g n e t i c  s t i r r i n g  b a r ,  

r e f l u x  c o n d e n s e r  w i t h  n i t r o g e n  i n l e t ,  KOH d r y i n g  t u b e ,  and  50 

mL d r o p p i n g  f u n n e l  was c h a r g e d  w i t h  100 mL o f  d r y  THF. To t h e  

r a p i d l y  s t i r r e d  THF a t  0-5°C was ad d ed  9*3^29 g ( 0 . 0 ^ 9 2  mole ) 

o f  t i t a n i u m  t e t r a c h l o r i d e  i n  15 mL o f  d r y  CCl^.  A y e l l o w  p r e ­

c i p i t a t e  fo rm ed  i m m e d i a t e l y ,  t h e n  3*321^  g ( 0 .0 2 5 1  m ole )  o f  XV 

i n  6 mL o f  THF was a d d e d  d r o p w i s e ,  f o l l o w e d  by  3*5369 g ( 0 .0 2 6 7  

m ole)  o f  d i m e t h y l  m a l o n a t e  LIV i n  13 mL o f  THF a l l  a t  0 -5°C .  

F i n a l l y  8 .1 0 0 ?  g ( 0 . 1 0 2 5  m ole )  o f  d r y  p y r i d i n e  i n  22 mL o f  d r y  

THF was added  s l o w l y  o v e r  a  2 h p e r i o d  a t  0-5°C t o  t h e  r a p i d l y  

s t i r r e d  s u s p e n s i o n .  The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  am­

b i e n t  t e m p e r a t u r e  f o r  c a .  21 h .  S o l i d s  were  removed by  f i l t r a ­

t i o n  and  t h e  f i l t e r  c ak e  was t h o r o u g h l y  w ashed  w i t h  e t h e r .

The o r g a n i c  l a y e r  was w ashed  w i t h  w a t e r  (2x200  mL) , t h e  a q u eo u s  

p h a s e  was e x t r a c t e d  w i t h  50 mL o f  f r e s h  e t h e r ,  and  t h e  combined  

e t h e r  e x t r a c t s  were  w ashed  w i t h  150 mL o f  b r i n e .  The e t h e r  

was d r i e d  (KgCO^) and  c o n c e n t r a t e d  i n  v a c u o .  D i s t i l l a t i o n  o f  

t h e  r e s i d u e  a f f o r d e d  t h e  d e s i r e d  a c e t a l ,  3*5726  g ( 5 8 . 1 $ ,  u n ­

o p t i m i z e d ) .  bp  119-125°C ( 1 . 3  mm). IR was n o t  t a k e n .

NMR(CCl^); 6 1 . 1 8  ( t ,  6h,  J  = 6 Hz) ,  3*^8  (m, 4h)  , 3*57 ( s ,  6 h ) , 

5*12 ( d ,  1H, J  = 5 H z) ,  6 .6 2  ( d ,  1H, J  = 5 Hz) .
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31 .  P r e p a r a t i o n  o f  3 - E t h o x y - 5 , 5 - d i m e t h y l - 2 - c y c l o h e x e n o n e

X L I I I  (Scheme b

A I L  r o u n d  b o t to m e d  f l a s k  f i t t e d  w i t h  a  D e a n - S t a r k  t r a p  

was c h a r g e d  w i t h  5 0 . 3 0  g ( 0 . 3 5 8 8  m o le )  o f  5 » 5 - d i m e t h y l - l , 3 -  

c y c l o h e x a n e d i o n e  XLII  ( F lu k -  Chem. C o . ) ,  5 0 .2  g ( 1 . 0 9  m ole )  

o f  e t h a n o l ,  1 . 5  g p - t o l u e n e s u l p h o n i c  a c i d ,  and  500 mL o f  

b e n z e n e .  The c o n t e n t s  were  h e a t e d  a t  lOO^G f o r  16 h .  The 

b e n z e n e  was washed  w i t h  NaHC0^» w a t e r ,  and  d r i e d  (MgSO^). The 

b e n z e n e  was removed i n  vacu o  and  t h e  r e m a i n i n g  o i l  was d i s t i l l e d  

t o  a f f o r d  5 6 -59  g ( 9 3 - 9 $ )  o f  t h e  d e s i r e d  e n o l  e t h e r *  bp  7 ^ -  

75°C ( 0 . 1  mm), ( l i t ^ a 97-105°C (2  mm)).  The compound c r y ­

s t a l l i z e d  on s t a n d i n g ;  mp 58-59°C ,  ( l i t ^ b mp 5 7 -5 8 ° C ) .  

NMR(CCl^); 6 1 . 0  ( s ,  6 h ) , 1 . 2 9  ( t ,  3H, J  = 7  H z ) ,  2 . 0  ( s ,  2 H ) , 

2 . 1 7  ( s ,  2 H ) , 3 -7 5  ( q .  2H, J  = 7 H z ) ,  5 -05  ( s ,  1H).

32 .  P r e p a r a t i o n  o f  5»5 - D i m e t h y l - 2 - c y c l o h e x e n o n e

XLV (Scheme I ) : ^ a » b

A I L  t h r e e  n e c k e d  r o u n d  b o t to m e d  f l a s k  e q u i p p e d  w i t h  

a  m e c h a n i c a l  s t i r r e r ,  r e f l u x  c o n d e n s e r  w i t h  K0H d r y i n g  t u b e ,  

n i t r o g e n  i n l e t  and  500 mL d r o p p i n g  f u n n e l  was c h a r g e d  w i t h  

c a .  Jj'OO mL o f  d r y  e t h e r  and  5 -8 0  g ( 0 . 1 5 3  mole)  o f  l i t h i u m  a lu m ­

inum h y d r i d e  a t  0 -5 ° C .  E n o l  . e t h e r  .X L I I I  ( 8 7 -86  -.g, ' 0 . 5 2 . mole)  i n  

c a .  300 mL o f  e t h e r  was ad d ed  o v e r  c a .  1 h a t  0-5°C w i t h  

v i g o r o u s  s t i r r i n g .  The f l a s k  was s t i r r e d  a t  a m b ie n t  t em p ­

e r a t u r e  f o r  2 h and  t h e n  c o o l e d  t o  0 -5 ° C .  Ten mL o f  w a t e r
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a d d e d ,  f o l l o w e d  by  10$ s u l f u r i c  a c i d  (100  mL) w h ic h  d i s s o l v e d  a l l  

s u s p e n d e d  s o l i d s . The e t h e r  was washed  w i t h  NaHCO^ and  

b r i n e ,  d r i e d  (MgSO^) and  c o n c e n t r a t e d  i n  v a c u o . . D i s t i l l a t i o n  

o f  t h e  r e m a i n i n g  o i l  f u r n i s h e d  5 6 .9 8  g (94-.55$ b a s e d  on 

r e c o v e r e d  s t a r t i n g  m a t e r i a l )  o f  t h e  d e s i r e d  e n o n e ; bp  4-0-4-7°C 

(1 mm), ( l i t ^ a  bp  4-0-4-8°C ( 1 . 6  mm)).

I R ( n e a t ) ; 304-3, 2 9 6 8 , 2 8 7 8 , 2828 ,  1 6 7 6 , 1618, 14-67, 1386  cmT1 

NMR(CCl^); 6 1 . 0 5  ( s ,  6H ) , 2 . 1 - 2 . 3 5  (m 4-H), 6 . 0  ( d t ,  1H, J  =

10, 2 H z) ,  6 . 8  ( d t ,  1H, J  = 10,  4 H z) .

E n o l  e t h e r  X L I I I  ( 6 .0 9 6 0  g )  w a s • r e c o v e r e d  by  f u r t h e r  

d i s t i l l a t i o n .

Ij.
33- P r e p a r a t i o n  o f  5 > 5 - D i m e t h y l c y c l o h e x e n o l  XLVI ( S c h e m e ' I ) :

i .  By r e d u c t i o n  w i t h  l i t h i u m  a luminum h y d r i d e ;

The compound was o b t a i n e d  u s i n g  a  p r o c e d u r e  s i m i l a r  t o  

e x p e r i m e n t  32 e x c e p t  t h a t  ammonium c h l o r i d e  s o l u t i o n  was 

u s e d  t o  quench  t h e  r e a c t i o n  a f t e r  w a t e r  was a d d e d .  XLV ( 5 6 .9 8  

g ,  0.4-59 m ole )  i n  300 mL o f  e t h e r  was ad d ed  t o  5*05 g

( 0 . 1 3 5  mole)  o f  l i t h i u m  a luminum h y d r i d e  i n  300 mL o f  e t h e r  

a s  p r e v i o u s l y  d e s c r i b e d .  A f t e r  t h e  u s u a l  work up  and  

d i s t i l l a t i o n ,  53*2135  g ( 9 1 . 9$)  o f  t h e  d e s i r e d  a l l y l i c  

a l c o h o l  was i s o l a t e d .  Gas c h r o m a t o g r a p h i c  a n a l y s i s  i n d i c a t e d  

t h e  compound was c o n t a m i n a t e d  w i t h  9*9$ s t a r t i n g  enone 

XLV; bp 50-51<?C ( 1 . 3  mm), ( l i t ^ 5a  86-88°C (17  mm)).

I R ( C C l ^ ) ; 3 3 5 0 , 304-0, 2 9 6 5 , 2935.  2915 .  2 8 8 0 , 284-1, 1680,  154-8,
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1462, 1365 , 1240, 1035 cmT1

NMRCCCl^); 6 O. 89  ( b r  s ,  3 H ) , 0 . 9 2  ( s ,  3 H ) , 1 . 1 5 - 1 - 9  (m, 4 H ) ,

3 . 9  ( s ,  1H, e x c h a n g e s  w i t h  DgO), 4 . 1 5  (m, 1 H ) , 5 -4 2  ( b r  s ,  2 H ) .

i i .  By r e d u c t i o n  w i t h  9 - b o r a b i c y c l o ( 3 . 3 . 1 ) n o n a n e ;
46The procedure of Brown and Knshnamurthy was followed.

A 500 mL t h r e e  n e c k e d  r o u n d  b o t to m e d  f l a s k  e q u i p p e d  w i t h  a  

serum c a p ,  r e f l u x  c o n d e n s e r ,  KOH d r y i n g  t u b e ,  n i t r o g e n  i n l e t  

and 250 mL d r o p p i n g  f u n n e l  was c h a r g e d  w i t h  100 mL o f  d r y  THF 

and  1 2 .6 6 9 3  g ( 0 . 1 0 2  mole)  o f  XLV. To t h e  r a p i d l y  s t i r r e d  s o l ­

u t i o n  was ad d ed  225 mL ( 0 . 1 1 2 5  m ole )  o f  0 . 5  I  9-BBN . o v e r  

c a .  l .H a t  0 -5 °C .  S t i r r i n g  was c o n t i n u e d  f o r  2 h a t  0-5°C 

and  f o r  2 h a t  a m b i e n t  t e m p e r a t u r e .  An e x p l o s i o n  s c r e e n  was 

p l a c e d  a r o u n d  t h e  f l a s k  and  50 mL o f  3N NaOH was a d d e d ,  f o l l o w e d  

by  40 mL o f  30$ h y d r o g e n  p e r o x i d e  a l l  a t  0 -5°C .  The r e a c t i o n  

was s t i r r e d  a t  53°C o v e r n i g h t .  The o r g a n i c  p h a s e  was washed  

w i t h  w a t e r  (3x30  mL) , d r i e d  (MgSO^), and  c o n c e n t r a t e d  i n  

v a c u o . D i s t i l l a t i o n  o f  t h e  r e s i d u e  a f f o r d e d  1 2 .0 1 3 3  g  ( 9 3 - 5 $ )  

o f  t h e  d e s i r e d  a l l y l i c  a l c o h o l  XLVI. Gas c h r o m a t o g r a p h i c  

a n a l y s i s  i n d i c a t e d  t h e  a l c o h o l  was a t  l e a s t  9 7 - 2 $  p u r e ,  

c o n t a m i n a t e d  w i t h  l e s s  t h a n  1$ o f  t h e  enone XLV. S p e c t r a l  

p r o p e r t i e s  were  i d e n t i c a l  w i t h  s e c t i o n  i .

34 .  P r e p a r a t i o n  o f  5 f 5 - D i m e t h y l b r o m o c y c l o h e x - 2 - e n e  XLVII

(Scheme I ) :

U r n

The p r o c e d u r e  o f  Shenoy ,  S c h a e f e r ,  and  H i g g i n s  was u s e d .  '
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A 500 mL t h r e e  n e c k e d  r o u n d  b o t to m e d  f l a s k  e q u i p p e d  w i t h  a  

m e c h a n i c a l  s t i r r e r ,  r e f l u x  c o n d e n s e r  w i t h  d r y i n g  t u b e ,  and  

a  250 mL d r o p p i n g  f u n n e l  was c h a r g e d  w i t h  8 1 .3 3  g ( 0 . 3 1 0  mole ) 

o f  t r i p h e n y l p h o s p h i n e  and  c a .  300 mL d r y  a c e t o n i t r i l e . Brom­

i n e  ( 4 8 . 3  g ,  O.32  m o le )  was ad d ed  f o l l o w e d  by 3 7 -8 0 8 4  g 

( 0 . 2 7 0  mole)  o f  90% p u r e  XLVI i n  50 mL o f  a c e t o n i t r i l e .

The r e a c t i o n  was m i l d l y  e x o t h e r m i c  and  was m o d e r a t e d  w i t h  

a  b a t h  o f  c o l d  w a t e r .  At t h e  end  o f  t h e  a d d i t i o n  any  s o l i d s  

r e m a i n i n g  i n  t h e  r e a c t i o n  f l a s k  were  d i s s o l v e d  by  h e a t i n g  t h e  

f l a s k  w i t h  a  h e a t  gun .  A f t e r  c o o l i n g  t h e  r e a c t i o n  c o n t e n t s  

were  p o u r e d  o n to  600 mL o f  h e x a n e .  T r i p h e n y l p h o s p h i n e  o x id e  

was f i l t e r e d  o f f .  The o r g a n i c  l a y e r  was washed  w i t h  w a t e r  

(2x300 mL) and  b r i n e  (2x200 mL), d r i e d  (MgSO^), and  c o n c e n ­

t r a t e d  i n  v a c u o . The r e s u l t i n g  l i q u i d  was d i s t i l l e d  t o  

a f f o r d  3 8 .4 4 1 5  g (75*4$)  o f  t h e  d e s i r e d  b r o m i d e .  TLC and 

GC i n d i c a t e d  t h e  b ro m id e  was p u r e ;  bp  40-43°C ( 0 . 1  mm). 

I R ( n e a t )  ; 3040 ,  2 9 6 0 , 2 9 0 8 , 2877 ,  2 8 3 8 , 1640, 1462 ,  1 3 6 8 ,

1280, 1120, 722 cmT1

NMR(CCl^); 6 0 .9 1  ( s ,  3 H ) , 1 .0 3  ( s ,  3 H ) , 1 . 7 - 2 . 1  (m, 4H) , 4 . 7  

(m, 1H),  5 . 7 7  (m, 2H).

35* P r e p a r a t i o n  o f  5 > 5 - D i m e t h y l - 2 - c y c l o h e x e n y l t r i p h e n y l -

phosphon ium  Bromide XLVIII  (Scheme I ) :

A 500 mL s i n g l e  n e c k e d  r o u n d  b o t to m e d  f l a s k  e q u i p p e d  w i t h
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a r e f l u x  c o n d e n s e r  and  d r y i n g  t u b e  w i t h  n i t r o g e n  i n l e t  was 

c h a r g e d  w i t h  3 7 -9140  g ( 0 .2 0 0 7  m ole )  o f  XLVII and  55-07  g 

( 0 . 2 1  m ole )  o f  t r i p h e n y l p h o s p h i n e .  The f l a s k  was h e a t e d  a t  

100-110°C f o r  16 h .  Upon s lo w  c o o l i n g  a  g l a s s y ,  b u t  c r y s t a l l i n e  

phosphonium s a l t  was o b t a i n e d ,  8 1 .2 2 5 6  g ( 8 9 . 7$ ) ;  m p (c ru d e )  

86-93°C .  T h i s  m a t e r i a l  r e s i s t e d  a l l  a t t e m p t s  a t  r e c r y s t a l l i ­

z a t i o n  and  was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

I n  o r d e r  t o  o b t a i n  a n  a n a l y t i c a l  s am p le ,  t h e  f o l l o w i n g  

p r o c e d u r e  was u s e d .  A bout  25 g o f  t h e  s y r u p y  phosphon ium  s a l t  

XLVIII was t a k e n  up i n  a q u e o u s  p o t a s s i u m  i o d i d e  ( c a .  150 mL) 

and a f t e r  s t a n d i n g  a  number o f  days  a  p r e c i p i t a t e  was d e p o s ­

i t e d  w hich  was r e c r y s t a l l i z e d  from m e t h a n o l ,  3 -6 8 5 2  g; mp 

1 5 8 - l63°C  ( d e c . ) .

A n a l y s i s :  Found; C, 6 2 . 3 9 ,  H, 5 - 5 0 ,  P ,  6 - 3 5 .  I ,  2 5 . 6 7 .

C a l c u l a t e d ;  C, 6 2 . 6 6 ,  H, 5 - 6 2 ,  P,  6 . 2 2 ,  I ,  2 5 . 4 8 .

A c r y s t a l l i n e  t e t r a f l u o r o b o r a t e  c o u l d  a l s o  be  o b t a i n e d  

by a n  a n a l o g o u s  p r o c e d u r e  w i t h  t h e  i o d i d e  o r  b ro m id e  from 

a  s o l u t i o n  o f  sodium t e t r a f l u o r o b o r a t e  /  f l u o r o b o r i c  a c i d .

3 6 . P r e p a r a t i o n  o f  5 > 5 - D i m e t h y l c y c l o h e x - 2 - e n y l i d e n e  

A c e t a l d e h y d e  D i e t h y l a c e t a l  XLIX (Scheme I ) :

A 250 mL S c h le n k  t u b e  e q u i p p e d  w i t h  a  m a g n e t i c  s t i r r i n g  

b a r  was c h a r g e d  u n d e r  n i t r o g e n  w i t h  3 - 3 6 4 5  g  (O.OO73 m o le )  o f  

c r u d e  5 » 5 - d i m e t h y l - 2 - c y c l o h e x e n y l t r i p h e n y l p h o s p h o n i u m  t e t r a ­

f l u o r o b o r a t e .  The s u s p e n s i o n  was c o o l e d  t o  0°C and  4 mL ( 0 .0 9 6
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m ole )  o f  2 . k  M n - b u t y l l i t h i u m  was a d d e d  d ro p w is e  t o  t h e  r a p ­

i d l y  s t i r r e d  s u s p e n s i o n  i n  150 mL o f  d r y  h e x a n e .  The y l i d  was 

s t i r r e d  a t  a m b ie n t  t e m p e r a t u r e  f o r  2 h ,  and  t h e n  r e f l u x e d  

f o r  1 h .  The d a r k  r e d  y l i d  was c o o l e d  t o  a m b ie n t  t e m p e r a t u r e  

and  2 .0 ^ 4 3  g ( 0 . 0 1 5 5  m ole )  o f  XV i n  10 mL o f  d r y  hex an e  was 

a d d e d .  The y l i d  was d e c o l o r i z e d  t o  a  b r i g h t  y e l l o w ,  and  s t i r r ­

i n g  was c o n t i n u e d  o v e r n i g h t .  S o l i d s  w ere  f i l t e r e d ,  t h e  r e a c t i o n  

m i x t u r e  was p o u r e d  o n to  c o l d  d i l u t e  KOH s o l u t i o n ,  and  was 

worked  up  i n  t h e  u s u a l  way. D i s t i l l a t i o n  ( b u l b  t o  b u l b )  o f  

t h e  r e m a i n i n g  o i l  a f f o r d e d  0 .2 5 5  g  ( 1 5 *6$)  o f  t h e  d e s i r e d  

a c e t a l  XLIX. T h e re  was c o n s i d e r a b l e  d e c o m p o s i t i o n  d u r i n g  t h i s  

d i s t i l l a t i o n .  IR (C C l i)<) ; 3025 ,  2 9 6 0 , 2930 ,  2875.  1665, 1600, 

1200 ,  1100,  1050  c m . -1

NMR(CCl^); 6 O.98  ( s ,  6H),  1 . 0 - 1 . 6  (m, 8 H ) , 2 . 0 5  U ,  2H, J  

= 5 H z) ,  3 - 6 8  (m, ^-H), 5 . 1 5 - 6 . 6 2  (m, ^ H ) .

When t h e  c r u d e  c r y s t a l l i n e  b ro m id e  XLVIII was u s e d  i n  
1

t h i s  r e a c t i o n ,  t h e  H-NMR o f  t h e  p r o d u c t  showed d i f f e r e n t  

l i n e  s h a p e s  and  t h e  i n t e g r a t i o n  f o r  t h e  v i n y l i c  p r o t o n s  was 

i n c o r r e c t .  The a c e t a l  XLIX may be  v e r y  s e n s i t i v e  t o  d i s t ­

i l l a t i o n .  However,  t h i s  m a t e r i a l  was u s e d  i n  s u b s e q u e n t  

e x p e r i m e n t s .

The d i e n e  a c e t a l  XLIX c o u l d  be  h y d r o l y z e d  i n  t h e  u s u a l  way 

t o  a f f o r d  d i e n e  a l d e h y d e  L I I  a s  a  m i x t u r e  o f  i s o m e r s  a f t e r  

b u l b  t o  b u l b  d i s t i l l a t i o n .

I R ( C C l ^ ) ; 2970 ,  29^0 ,  2880 ,  1 6 7 2 , 1620,  15^0 ,  1250 c m .-1
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NMR(CCl^) j 6 1 . 0 4  ( s ,  6H), 1 . 5  (m, 4 h)  , S M  (m, 1 H ) , 5 -82  (s, 
2H), 9 - 9 0  ( d ,  c a . 0 . 6 H ,  J  = 7 - 5  H z ) ,  9 - 9 5  ( d ,  0 .4H, J  = 7 -5  Hz) .  

T he re  were  u n i d e n t i f i e d  s i g n a l s  a t  5 2 . 4  and  2 . 8  ppm.

MS(70 eV);  150 (M+ ) , 135 ,  117 ,  115 ,  108 , 107 ,  105,  91 ( b a s e ) ,  

81,  7 7 ,  65,  55-

37* A t t e m p t e d  S y n t h e s i s  o f  (E) and  ( Z ) - 3 » 3 - D i m e t h y l -

c y c l o h e x y l i d e n e  A c e t a l d e h y d e  XL and  XLI (Scheme I ) :

The d i e n e  a c e t a l  XLIX ( 1 . 0 9 2 4  g ,  0 .0 0 5 5  m ole )  was h y d r o ­

g e n a t e d  o v e r  10% p a l l a d i u m  on c h a r c o a l  i n  a b s o l u t e  e t h a n o l  by 

b u b b l i n g  h y d r o g e n  t h r o u g h  t h e  m i x t u r e  f o r  18 h a t  a m b ie n t  

t e m p e r a t u r e .  The c a t a l y s t  was f i l t e r e d ,  d i l u t e  HC1 was 

ad d ed  a t  0 -5 ° C ,  and  s t i r r i n g  was c o n t i n u e d  f o r  2 h .  The r e a c ­

t i o n  was w orked  up  i n  t h e  u s u a l  way and  a f f o r d e d  a f t e r  d i s t ­

i l l a t i o n  ( b u l b  t o  b u l b )  a n  a , | 3 - u n s a t u r a t e d  a l d e h y d e ,  0 .6411  g 

( 7 6 . 7$ ) .  A l t h o u g h  t h e r e  were  c h a n g e s  i n  t h e  H-NMR s p e c t r u m  

c o n s i s t e n t  w i t h  t h e  s t r u c t u r e s  XL a n d  XLI, t h e  mass  s p e c t r u m  

o f  t h e  p r o d u c t  was i d e n t i c a l  w i t h  LII ( e x p e r i m e n t  3 6 ) .

T h i s  means  t h a t  a c e t a l  XLIX was u n r e a c t i v e  t o  h y d r o g e n a t i o n  

u s i n g  t h e  c o n d i t i o n s  d e s c r i b e d .
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483 8 .  P r e p a r a t i o n  o f  3 » 3 -D i r c e th y lb r o m o c y c lo h e x a n e  L I :

A 500 mL t h r e e  n e c k e d  r o u n d  b o t to m e d  f l a s k  e q u i p p e d  w i t h  

a  m e c h a n i c a l  s t i r r e r ,  c o n d e n s e r ,  and  g a s  i n l e t  was c h a r g e d  w i t h  

2 0 .2 6 9 9  g ( 0 . 1 5 8 4  mole ) o f  3 , 3 - d i m e t h y l c y c l o h e x a n o l  L ( 98$ 

p u r e ) .  H yd ro g en  b ro m id e  g a s  was p a s s e d  t h r o u g h  L f o r  0 . 5  h 

a t  5°C,  f o r  0 . 2 5  h a t  100°C and  f o r  1 h a t  130°C. The r e a c t i o n  

p r o d u c t  was washed  w i t h  c o n c e n t r a t e d  s u l f u r i c  a c i d  and  t h e n  

d i l u t e d  w i t h  e t h y l  a c e t a t e .  The o r g a n i c  p h a s e  was w ashed  w i t h  

50% methanol /am monium h y d r o x i d e  u n t i l  b a s i c  and  f i n a l l y  

w i t h  w a t e r .  The o r g a n i c  p h a s e  was d r i e d  (MgSO^), c o n c e n t r a t e d  

i n  v a cu o  and  t h e  r e s i d u e  was d i s t i l l e d  t o  a f f o r d  L I ,  2 2 .0 1 8 2  g 

( 7 4 . 5 $ ) .  The compound was p u r e  by  TLC and  GC a n a l y s i s ;  bp  

39-40°C ( 0 . 5  mm), ( l i t ^ 8 bp  6 3 - 6 3 . 5 ° C ) .

NMR(CCl^); 6 0 .9 2  ( s ,  3 H ) , 0 . 9 7  ( s ,  3 H ) , 1 . 2 - 2 . 1  (m, 8 H ) ,

4 . 1  (m, 1H).

IR was n o t  t a k e n .
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C h a p t e r  One

I n t r o d u c t i o n
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A. [ 1 2 ] A n n u l e n e s - T h e o r e t i c a l  And H i s t o r i c a l  B ac k g ro u n d .

The t e r m  a n n u l e n e  h a s  b e e n  a p p l i e d  t o  t h a t  s e r i e s  o f  mono-

cyclic polyolefins, (21=2 ,3»• • ■ •)» containing a com-
—  —  1 2  

p l e t e  c o n t i g u o u s  s e t  o f  d o u b le  b o n d s .  ’ A l l  t h e  C -a to m s  a r e
p

s p  - h y b r i d i z e d .  B e n z e n e ,  [ 6J a n n u l e n e , i s  t h e  m os t  common mem­

b e r  o f  t h i s  c l a s s  o f  compound. Much i n t e r e s t  h a s  b e e n  g e n e r a t e d  

i n  t h e  h i g h e r  ho m o lo g s .

Benzene  w i t h  s i x  i r - e l e c t r o n s  d o es  n o t  beh av e  a s  a  t y p i c a l  

r e a c t i v e  p o l y o l e f i n .  E.  H d c k e l  was t h e  f i r s t  t o  r e c o g n i z e  t h i s  

e x t r a  s t a b i l i t y  and  p o s t u l a t e  a  t h e o r y  t o  e x p l a i n  i t .

H t t c k e l ' s  r u l e  s t a t e d  i n  a n  e x t e n d e d  and  more m odern  v e r s i o n  

i s  a s  f o l l o w s :

"For polyenes with ^n+2 C-atoms in the path of conjugation, 
the Tr-electron energies of the annulenes, C(^n+2)̂ (ilj.n+2) ’ 
will be lower (more stable) than those of the linear poly­
enes, C(4n+2)H (i|-n+4) * whereas the reverse is true for the 
annulenes, which have Tr-electron energies greater
than those of the corresponding linear polyenes, ij.n+2 )
(less stable)."^
Httckel's rule as originally formulated only mentioned the 

extra stability of systems with 4n+2 rr-electrons. Systems 
with 4n Tr-electrons are now known to be less stable than the 
analogous ^n+2 Tr-electron system and this observation has been 
incorporated into the Htlckel theory.

A c c o r d i n g  t o  t h e  s i m p l e  H d c k e l  t h e o r y  t h e  a n n u l e n e s ,  i f  

p l a n a r , s h o u l d  a l l  h ave  t h e i r  t o t a l  Tr-energy l e s s  t h a n  m 

t i m e s  t h a t  o f  t h e  e t h y l e n e  m o l e c u l e .  The r e s u l t i n g  s t a b i l i t y
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2g a i n  i s  d e f i n e d  a s  t h e  d e l o c a l i z a t i o n  e n e r g y  (DE),  ( e q  1)

DE = -  ( E mE i ) ( 1 )
v t t  t o t a l  — t t  e t h y l e n e 7 '  '

where Err total is the total *-energy and E^ ethylene is the 
rr-energy in the ethylene molecule. According to this simple 
Htickel approach the DE should increase as m increases; however, 
when expressed per C-atom (DE/2m), this stabilization energy 
should be greater for the annulenes with 2m=^n+2 Tr-electrons

p
(m odd) t h a n  f o r  t h e  a n n u l e n e s  w i t h  m=4n T r - e l e c t r o n s  (m ev en )  . 

T h i s  p r i n c i p l e  i s  shown i n  F i g u r e  1.

A l th o u g h  t h e  s im p le  H d ck e l  t h e o r y  p r e d i c t s  e x t r a  s t a b i l i t y  

f o r  ^n  s y s t e m s ,  t h i s  i s  n o t  v e r i f i e d  by  e x p e r i m e n t a l  f a c t ,

(vide infra) (Figure 1). Annulenes with ^n Tr-electrons are 
less stable chemically than annulenes with 4n+2 Tr-electrons.
More e l a b o r a t e  t r - e n e r g y  c a l c u l a t i o n s  by  Dewar and  G l e i c h e r  have  

shown t h a t  t h e  r e s o n a n c e  e n e r g y  (RE) ( d e f i n e d  a s  t h e  d i f f e r e n c e  

b e tw e e n  t h e  c a l c u l a t e d  h e a t  o f  f o r m a t i o n  o f  a  g i v e n  m o l e c u l e  

and  h e a t  o f  f o r m a t i o n  c a l c u l a t e d  f o r  a  s i n g l e  c l a s s i c a l  s t r u c t u r e  

u s i n g  e m p i r i c a l  bond e n e r g i e s ^ )  f o r  ^ n +2 a n n u l e n e s  i s  p o s i t i v e  

and  t h e  RE f o r  ^ n  a n n u l e n e s  i s  n e g a t i v e ^  ( F i g u r e  1 ) .

A p l a n a r  m o l e c u l e  p o s s e s s i n g  c y c l i c  d e l o c a l i z a t i o n  i s  c o n ­

s i d e r e d  a r o m a t i c  i f  i t s  RE i s  g r e a t e r  t h a n  z e r o .  ( F i g u r e  1 ) .  

F i g u r e  1 shows t h a t  o n l y  Ĵ-n+2 a n n u l e n e s  p o s s e s s  p o s i t i v e  RE, 

w h i l e  t h e  4n  a n n u l e n e s  p o s s e s s  n e g a t i v e  o r  z e r o  RE. T h e r e f o r e ,  

t h e s e  4n  s y s t e m s  a r e  t e r m e d  a n t i a r o m a t i c ^ , ( F i g u r e  1 ) .

U n f o r t u n a t e l y ,  t h e  d e t e r m i n a t i o n  o f  a r o m a t i c i t y  o r  a n t i -
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Figure J. Delocalization (HMO) and resonance (PPP, SPO) energy o f the annylenes.

( P P P = P a r i s e r - P a r r - P o p l e  Method-^, S P 0 = S p l i t  p - O r b i t a l
Method^)

aromaticity can not be solely based on the number of Tr-electrons, 
and the resonance energy, a very difficult to obtain experi­
mental quantity. Other factors which are important include 
the strain energy associated with the molecule, especially 
when considered in its planar conformation, and the degree of 
bond alternation.

E x p e r i m e n t a l l y ,  m o l e c u l e s  o f  t h e  4n+2 ty p e  l i k e  b e n ze n e  

were  o b s e r v e d  t o  p o s s e s s  u n u s u a l l y  h i g h  d i a m a g n e t i s m  when 

p l a c e d  i n  a n  e x t e r n a l  m a g n e t i c  f i e l d  p e r p e n d i c u l a r  t o  t h e  

p l a n e  o f  t h e  m o l e c u l e .  P a u l i n g  d e v e l o p e d  a  s e m i - c l a s s i c a l  

t h e o r y  t o  e x p l a i n  t h e  d i a m a g n e t i c  a n i s o t r o p y  i n  some a r o m a t i c  

m o l e c u l e s .  The i m p r e s s i o n  o f  a n  e x t e r n a l  m a g n e t i c  f i e l d  

c a u s e s  a  f l o w  o f  t h e  T r - e l e c t r o n s  a r o u n d  t h e  r i n g . ^

U s i n g  a  quantum m e c h a n i c a l  t r e a t m e n t  and  t h e  e a r l i e r  

o b s e r v a t i o n s  o f  HUckel and  P a u l i n g ,  London,  i n  1937» d e v e l o p e d  

a  t h e o r y  t o  e x p l a i n  t h e  h i g h  d i a m a g n e t i s m  i n  ^ n +2 s y s t e m s
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8w h ich  gave  good c o r r e l a t i o n  w i t h  e x p e r i m e n t a l  o b s e r v a t i o n .

I n  q u a l i t a t i v e  t e r m s  L o n d o n ' s  t h e o r y  c o n c l u d e d  t h a t  f o r  m o le ­

c u l e s  p o s s e s s i n g  4n+2 t r - e l e c t r o n s  i n  a  p l a n a r  c y c l i c  c o n ­

j u g a t e d  a r r a y ,  a  n e g a t i v e  c o n t r i b u t i o n  t o  t h e  d i a m a g n e t i c  

s u s c e p t i b i l i t y  was made. Jackm an  and  E l v i d g e  u s e d  t h e
9

t e r m  d i a m a g n e t i c  r i n g  c u r r e n t  t o  e x p l a i n  t h i s  phenomena.

A c o n se q u e n c e  o f  a  d i a m a g n e t i c  r i n g  c u r r e n t  i s  t h a t  t h e r e  i s  

c o n s i d e r a b l e  d e s h i e l d i n g  i n  t h e  m o l e c u l a r  p l a n e  o u t s i d e  t h e  

r i n g ,  and  e v e n  l a r g e r  s h i e l d i n g  i n s i d e  o r  above  t h e  m o l e c u l a r  

p l a n e ,  ( F i g u r e  2 ) .

t  t

F i g u r e  2 .  D iagram  o f  M a g n e t i c  F i e l d  A s s o c i a t e d  w i t h  a
j|T -

R in g  C u r r e n t  i n  a  M o n o cy c l i c  S ys tem .
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I n  1951 B e r t h i e r ,  M ayo t ,  and  P u l l m a n  showed t h a t  a p p l i ­

c a t i o n  o f  t h e  London t h e o r y  t o  c e r t a i n  h y d r o c a r b o n s  o f  t h e

4n type led to a positive contribution to the diamagnetic 
1 0s u s c e p t i b i l i t y .  Thus t h e  i m p r e s s i o n  o f  a n  e x t e r n a l  m a g n e t i c

field on 4n systems results in the formation of a paramagnetic
r i n g  c u r r e n t .  The p r e v i o u s l y  s t a t e d  s h i e l d i n g  e f f e c t s  a r e

r e v e r s e d  i n  a  p a r a m a g n e t i c  r i n g  c u r r e n t .  Thus  t h e r e  i s

considerable shielding in the molecular plane and even more
deshielding inside or above the molecular plane.

I n  1966  P o p l e  and  U n tc h  f u r t h e r  ex am ined  i n d u c e d  r i n g
11c u r r e n t s  and  made t h e  f o l l o w i n g  o b s e r v a t i o n s :

1. For all degrees of bond alternation the London theory 
always predicts a negative contribution to the diamagnetic 
susceptibility (diamagnetic ring current) when there are 4n+2 
Tr-electrons. When there are ^n Tr-electrons the theory pre­
dicts a positive contribution to the diamagnetic suscepti­
bility (paramagnetic ring current).

2. F o r  a l l  s i z e s  o f  r i n g s  t h e  d e g r e e  o f  t h e  i n d u c e d  r i n g  

c u r r e n t  e f f e c t  i s  q u e n ch e d  w i t h  bond a l t e r n a t i o n .  L a r g e r  

r i n g s  a r e  a f f e c t e d  more by  a  g i v e n  amount o f  bond  a l t e r n a t i o n .  

Q u a l i t a t i v e l y ,  t h e  i n d u c e d  r i n g  c u r r e n t  i n  ^ n  s y s t e m s  i s  

q u en ch ed  more by  a  g i v e n  amount o f  bond a l t e r n a t i o n  t h a n  i n  

4n+2 s y s t e m s .

3 .  F o r  4n  s y s t e m s  t h e  London t h e o r y  p r e d i c t s  i n f i n i t e  

p a r a m a g n e t i s m  when t h e r e  i s  no bond a l t e r n a t i o n .  However,  i n  

p r a c t i c e  a l l  ^ n  s y s t e m s  show some bond  a l t e r n a t i o n  and  t h u s
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4

t ♦  J - T  E f f e c t LUMO
1 1 ....................................

t t HOMO

t * f t t t t t

u t t t t t t

U  f t

U n d i s t o r t e d ,  t r i p l e t  D i s t o r t e d ,  s i n g l e t

g ro u n d  s t a t e  g r o u n d  s t a t e

F i g u r e  3.  The J a h n - T e l l e r  E f f e c t  On The M o l e c u l a r  O r b i t a l s  

Of A G e n e r a l i z e d  [ 1 2 ] A n n u l e n e .

c o n v e r g e  t o  z e r o  r e s o n a n c e  e n e r g y ,  ( F i g u r e  1 ) .  A t  t h a t  p o i n t  

b o t h  s e r i e s  s h o u l d  b eh av e  a s  t y p i c a l  r e a c t i v e  p o l y o l e f i n s .
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t h e  p r e v i o u s l y  s t a t e d  d e g e n e r a c y  i s  removed  and  t h e  p a r a ­

m a g n e t i c  e f f e c t  t a k e s  on  a  f i n i t e  v a l u e .

P o i n t  3 i s  v e r y  i m p o r t a n t .  The London t h e o r y ' p r e d i c t s  

i n f i n i t e  p a r a m a g n e t i s m  when t h e r e  i s  no bond a l t e r n a t i o n ,  b u t  

i n  r e a l i t y  a l l  4n  s y s t e m s  e x h i b i t  some bond a l t e r n a t i o n .  I n  4n 

s y s t e m s  when t h e r e  i s  no bond  a l t e r n a t i o n  t h e  h i g h e s t  o c c u p i e d  

m o l e c u l a r  o r b i t a l  (HOMO) and  t h e  l o w e s t  u n o c c u p i e d  m o l e c u l a r  

o r b i t a l  (LUMO) a r e  d e g e n e r a t e ,  ( F i g u r e  3 ) •  T h i s  d e g e n e r a c y  

l e a d s  t o  i n f i n i t e  p a r a m a g n e t i s m .  T h i s  d e g e n e r a c y  i n  t h e  g ro u n d  

s t a t e  i s  removed by t h e  p r o c e s s  o f  bond  a l t e r n a t i o n .  The 

g r o u n d  s t a t e  i s  now i n  a  n o n - d e g e n e r a t e  s i n g l e t  s t a t e ,  ( F i g -  

u r e  3 ) •  T h i s  i s  a n  example  o f  t h e  J a h n - T e l l e r  e f f e c t .  As 

F i g u r e  3 shows once  t h e  g r o u n d  s t a t e  o f  a  4n  s y s t e m  i s  no 

l o n g e r  d e g e n e r a t e ,  a  s m a l l  HOMO-LUMO g a p  i s  c r e a t e d .  T h i s  

s m a l l  e n e r g y  gap  may a c c o u n t  f o r  t h e  r e l a t i v e  i n s t a b i l i t y  o f  

4n  s y s t e m s  b e c a u s e  t h e  e n e r g y  r e q u i r e d  t o  r a i s e  a  g r o u n d  s t a t e  

e l e c t r o n  t o  a n  e x c i t e d  s t a t e  ( t h e  LUMO) i s  s m a l l .  I n  a d d i t i o n ,  

s i n c e  t h e  g r o u n d  s t a t e  i s  now n o n - d e g e n e r a t e  t h e  p a r a m a g n e t i s m  

i n  4n  s y s t e m s  becomes  f i n i t e .

The J a h n - T e l l e r  d i s t o r t i o n  becomes  v e r y  i m p o r t a n t  f o r  

s m a l l  4n  a n n u l e n e s  and  i s  s t i l l  i m p o r t a n t  i n  l a r g e r  4n+2 

a n n u l e n e s .  The c a l c u l a t i o n s  o f  Dewar and  G l e i c h e r ^  p r e d i c t  

t h a t  a t  a  r i n g  s i z e  o f  26 C -a tom s  bond  a l t e r n a t i o n  b e g i n s  f o r  

4n+2 r r - s y s t e m s .  C o n s e q u e n t l y ,  [ 2 6 ] a n n u l e n e  i s  p r e d i c t e d  t o  be 

n o n - a r o m a t i c  (RE=0) ,  ( F i g u r e  1 ) .
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The p r e v i o u s l y  s t a t e d  s h i e l d i n g  e f f e c t s  f o r  d i a t r o p i c  

(4n+2 s y s t e m s )  and  p a r a t r o p i c  ( 4 n  s y s t e m s )  m o l e c u l e s  have
A

b e e n  m e a s u r e d  m os t  a c c u r a t e l y  by  H-NMR s p e c t r o s c o p y .  F i g ­

u r e  k  shows some ex am p le s  o f  ^n+2 s y s t e m s  t h a t  i l l u s t r a t e

some o f  t h e s e  s h i e l d i n g  e f f e c t s .
12a 1[1 8 ] A n n u l e n e  I  shows a  t e m p e r a t u r e  d e p e n d e n t  H-NMR

1s p e c t r u m .  At  -60°C t h e  H-NMR shows two s i g n a l s ,  one s e t
A Q  *U.

o f  s i x  p r o t o n s  a t  6 - k . 2 2  . and  t h e  o t h e r  s e t  o f  12 p r o t o n s  a t

6 9 -2 5 .  The s t r u c t u r e  a s  w r i t t e n  i n  F i g u r e  k  h a s  b e e n  v e r i f i e d
13by  a n  X - r a y  a n a l y s i s .  The s i x  i n n e r  p r o t o n s  a r e  s h i e l d e d

and  t h e  12 o u t e r  p r o t o n s  a r e  d e s h i e l d e d  i n  c o m p le t e  a g r e e m e n t

w i t h  a  d i a m a g n e t i c  r i n g  c u r r e n t .
1 ̂■1'[ l ^ ] A n n u l e n e  I I  e x i s t s  i n  two m a j o r  c o n f o r m a t i o n s .

One c o n f o r m a t i o n  h a s  H^ and  H^ above  Hg and  H ^ , and  t h e  o t h e r

h a s  H^ and  Hg above  H^ and  H ^ . The X - r a y  a n a l y s i s  s u p p o r t s
13 1t h i s  c o n c l u s i o n .  The t e m p e r a t u r e  d e p e n d e n t  H-NMR s p e c t r u m

a t  -60°C shows two s e t s  o f  s i g n a l s .  The f o u r  i n t e r n a l  p r o t o n s  

r e s o n a t e  a t  6 0 . 0 ,  w h i l e  t h e  t e n  e x t e r n a l  p r o t o n s  r e s o n a t e  

a t  6 7 - 6 .  T hese  r e s u l t s  a r e  f u l l y  c o n s i s t e n t  w i t h  a  d iam ag ­

n e t i c  r i n g  c u r r e n t .

The r e m a i n i n g  e x am p le s  i n  F i g u r e  ^  i l l u s t r a t e  t h e  u se  

o f  some b r i d g i n g  g r o u p s  i n  d i a t r o p i c  m o l e c u l e s .  These

b r i d g i n g  g r o u p s  add  r i g i d i t y  t o  t h e  i l l u s t r a t e d  m o l e c u l e s .
16

The m e t h y l e n e  p r o t o n s  i n  [ 8 ] p a r a c y c l o p h a n e  I I I  r e s o n a t e  a t  

6 0 . 6 ,  a  c l e a r  m a n i f e s t a t i o n  o f  t h e  d i a m a g n e t i c  r i n g  c u r r e n t .

1 , 6 -M e th a n o - [1 0 ] ] a n n u le n e  I V ^  shows a  r e s o n a n c e  f o r  t h e
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Figure 4-. Some Selected ^n+2 -rc-Electron Systems.
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b r i d g i n g  m e t h y l e n e  p r o t o n s  a t  6 - 0 . 5 -  The b r i d g i n g  g r o u p  n o t

o n ly  a d d s  r i g i d i t y  t o  t h e  s y s t e m ,  b u t  a l s o  a d d s  s t a b i l i t y  t o

t h e  s y s t e m .  1 , 6 - M e t h a n o - [ 1 0 ] a n n u l e n e  c a n  be c o n t r a s t e d  w i t h

t h e  u n b r i d g e d  [ 1 0 ] a n n u l e n e  VI,  s y n t h e s i z e d  by  Masamune and 
1 Rc o - w o r k e r s .  VI i s  a  v e r y  u n s t a b l e  m o l e c u l e .  I t  b e h a v e s  

a s  a  r e a c t i v e  p o l y o l e f i n  an d  c a n  be o n l y  i s o l a t e d  a t  low 

t e m p e r a t u r e .  I n  a d d i t i o n ,  VI shows no e v i d e n c e  o f  a  d iam ag ­

n e t i c  r i n g  c u r r e n t .  The m o l e c u l e  c a n  n o t  assume a  p l a n a r  

c o n f o r m a t i o n  b e c a u s e  o f  s t r a i n  f a c t o r s ,  (eq. 2 ) .

( 2 )

A n o t h e r  example  o f  a  b r i d g e d  d i a t r o p i c  m o l e c u l e  i s  t r a n s -

15, 1 6 - d i m e t h y l d i h y d r o p y r e n e  v4^ The m e th y l  g r o u p s  a r e
1

■within t h e  c a v i t y  o f  t h e  m o l e c u l e  and  show a  H-NMR s i g n a l  

a t  6-^-.25

C l e a r l y ,  H-NMR c a n  a c c u r a t e l y  d e t e r m i n e  t h e  s h i e l d i n g  

e f f e c t s  i n  d i a t r o p i c  m o l e c u l e s .  The s h i e l d i n g  e f f e c t s  i n  

p a r a t r o p i c  m o l e c u l e s  c a n  a l s o  be m e a s u r e d  a c c u r a t e l y  w i t h
4

H-NMR. F i g u r e  5 i l l u s t r a t e s  some s e l e c t e d  ^ n  s y s t e m s .

One o f  t h e  f i r s t  e x p e r i m e n t a l  o b s e r v a t i o n s  o f  a  p a r a m a g n e t i c  

r i n g  c u r r e n t  e f f e c t  was i n  5 - b r o m o - l , 9 - d i d e h y d r o - [ 1 2 ] a n n u l e n e  

VII  and  1 , 5 - d i d e h y d r o - [ 1 2 [ ] a n n u l e n e  V I I I . T h e  i n t e r n a l
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F i g u r e  5« Some S e l e c t e d  4n  i r - E l e c t r o n  S y s t e m s .
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p r o t o n  (H^) i n  V II  r e s o n a t e s  a t  6 1 6 .4  and  th e  i n t e r n a l  p r o ­

t o n  ( H p  i n  V I I I  r e s o n a t e s  a t  c a .  6 17- The e x t e r n a l  p r o t o n s  

i n  V II r e s o n a t e  a t  6 4 . 3 - 5 . 4  an d  t h e  e x t e r n a l  p r o t o n s  i n  V I I I  

r e s o n a t e  a t  6 4 . 8 - 5 - 8 .  T h i s  d a t a  i s  i n  c o m p le te  a g re e m e n t  w i th

a p a r a m a g n e t i c  r i n g  c u r r e n t .
21 1[ l6 ] A n n u le n e  IX shows a  t e m p e r a t u r e  d e p e n d e n t  H-NMR

s p e c t ru m .  A t -120°C t h e  f o u r  i n t e r n a l  p r o t o n s  r e s o n a t e  a t

6 1 0 .3 2  ( t r i p l e t )  and  t h e  e x t e r n a l  p r o t o n s  r e s o n a t e  a t  6 5*2

( m u l t i p l e t ) .  The t o r s i o n a l  s t r a i n  a n g l e  i n  [ l 6 ] a n n u l e n e  i s

o n ly  a p p r o x im a te ly  2 0 ° .  T h i s  means t h e  f o u r  i n t e r n a l  p r o t o n s

do n o t  s u f f e r  a  s e v e r e  s t e r i c  i n t e r a c t i o n  when t h e  m o le c u le

assu m es  a  p l a n a r  c o n f o r m a t io n .

1 , l l - D i d e h y d r o - [ 2 0 ] a n n u l e n e  X, s y n t h e s i z e d  hy  t h e  S o n d h e im er  
22g ro u p ,  shows t y p i c a l  p r o p e r t i e s  o f  a  4n  s y s te m .  The i n t e r n a l

p r o t o n s  r e s o n a t e  ( -8 0 ° C )  a t  6 1 1 .6  (2H) and  1 0 .4 5  (2H ). The

e x t e r n a l  p r o t o n s  show s i g n a l s  a t  6 5 -1 7  and  5 - 6 0 .

The f i n a l  exam ple  i n  F ig u r e  5 i s  [ 2 4 ] a n n u le n e  X I ,  s y n t h e -
21s i z e d  hy S o n d h e im er  and  C a l d e r .  J T h i s  m o le c u le  a l s o  e x h i b i t s

1a temperature dependent H-NMR spectrum. At -80°C the internal 
protons resonate at 6 11.2-12.9, while the external protons 
resonate at 6 4.73*

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  a s  t h e  r i n g  s i z e  i n c r e a s e s s  

from  IX th r o u g h  XI t h e  i n t e r n a l  p r o t o n s  a r e  d e s h i e l d e d  by 

a p p r o x im a te ly  2 .6  ppm. T h i s  may mean t h a t  t h e  l a r g e r  [ 2 4 ] -  

a n n u le n e  i s  s t e r i c a l l y  l e s s  c row ded  t h a n  IX o r  X and  t h a t  

XI c a n  assum e a  more f a v o r a b l e  p l a n a r  g e o m e try ,  t h u s  m a x i­
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m iz in g  t h e  p a r a m a g n e t i c  r i n g  c u r r e n t .  The e x t e r n a l  p r o t o n s  

r e m a in  r e l a t i v e l y  i n s e n s i t i v e  t o  i n c r e a s i n g  r i n g  s i z e  i n  

g o in g  from  IX t o  X I .  T hese  r e s u l t s  a r e  i n  c o m p le te  a g r e e ­

m ent w i t h  r i n g  c u r r e n t  t h e o r y .  The t h e o r y  p r e d i c t s  t h a t  t h e  

d e g re e  o f  d e s h i e l d i n g  i n s i d e  o r  above  t h e  r i n g  o f  a  4n  sy s te m
11w i l l  be  g r e a t e r  t h a n  t h e  d e g r e e  o f  s h i e l d i n g  o u t s i d e  t h e  r i n g .

The ex am p le s  i n  F ig u r e  5 c l e a r l y  e s t a b l i s h  t h e  p r e s e n c e  

o f  a  p a r a m a g n e t i c  r i n g  c u r r e n t  i n  u n b r id g e d  ^ n  s y s te m s .  

C o n s i d e r a b l e  e f f o r t  was ex p en d e d  t o  o b t a i n  s m a l l e r  ^-n a n n u l e n e s ,  

e s p e c i a l l y  w i t h  n=3-

The p a r e n t  a n n u le n e  w i t h  n=3 i s  [ 1 2 ] a n n u le n e  X I I ,
2 ke l e g a n t l y  s y n t h e s i z e d  and  s t u d i e d  by 0 t h  and  c o - w o r k e r s .

T h i s  compound h a s  b e e n  fo u n d  t o  be e x c e p t i o n a l l y  l a b i l e ,  

u n d e r g o in g  a  s e r i e s  o f  p h o t o l y t i c  and  th e r m a l  e l e c t r o c y c l i c  

t r a n s a n n u l a r  r i n g  c l o s u r e s  a t  a p p r o x i m a t e l y  -60°C . I t s  

"'’H-NMR a t  -170°C e x h i b i t s  two s i g n a l s  a t  6 7 .8 3  (3H) and 

6 5*88 ( 9 H ) . The s i g n a l  a t  lo w e r  f i e l d  i s  due t o  t h e  t h r e e  

i n t e r n a l  p r o t o n s  w h ich  e x p e r i e n c e  a  m o d e s t  p a r a t r o p i c  s h i f t .

T h i s  m o le c u le  h a s  b e e n  shown t o  e x p e r i e n c e  c o n s i d e r a b l e  

d e f o r m a t i o n  from  p l a n a r i t y  b e c a u s e  o f  t h e  n o n -b o n d in g  i n t e r ­

a c t i o n s  o f  t h e s e  t h r e e  i n t e r n a l  p r o t o n s  w h ich  c a u s e  a  t o r ­

s i o n a l  s t r a i n  a n g le  o f  50 - 6 0 ° f o r  t h i s  m o le c u le  and  t h u s  i t s  

d im in i s h e d  p a r a m a g n e t i c  r i n g  c u r r e n t .  S t r u c t u r e  X I I '  i l l u s ­

t r a t e s  t h i s  n o n -b o n d e d  i n t e r a c t i o n .
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XII XIII

XIV XV

4

XVI



2 5aThe m o le c u le  i s  fo u n d  t o  u n d e rg o  a  r a p i d  i s o d y n a m ic a l

bond s h i f t  w h ich  makes t h e  p r o t o n s  on t h e  t r a n s  d o u b le  b o n d s

i s o c h r o n o u s  a s  a r e  t h e  p r o t o n s  on t h e  c i s  d o u b le  b o n d s ,  i . e . ,

a t  -80°C t h e r e  a r e  two s e t s  o f  H-NMR s i g n a l s  e a c h  o f  s i x

p r o t o n s .  One s e t  i s  t h e  p r o t o n s  on t h e  t r a n s  d o u b le  b o n d s ,

w h i l e  t h e  o t h e r  s e t  i s  t h e  p r o t o n s  on t h e  c i s  d o u b le  b o n d s .

The d im in i s h e d  p a r a m a g n e t i c  r i n g  c u r r e n t  i n  [ 1 2 ] a n n u le n e  X II

becom es r e a d i l y  a p p a r e n t  on c o m p a r is o n  w i t h  [ l 6 ] a n n u l e n e  IX .

As s t a t e d  b e f o r e  t h e  f o u r  i n t e r n a l  p r o t o n s  i n  IX r e s o n a t e  a t

6 1 0 .3 2 .  Thus t h e  p e r i m e t e r  i n  t h e  l a r g e r  IX i s  more p l a n a r

i n  c o m p a r iso n  w i t h  t h e  s m a l l e r  X I I .

I n  ex tre m e  c o n t r a s t  t o  t h e  v e r y  u n s t a b l e  [1 2 3 a n n u le n e  X I I .
2 6t h e  [ 1 2 ] a n n u le n e  d i a n i o n ,  f o r m a l l y  a  d ia m a g n e t i c  1U T r -

e l e c t r o n  s y s te m  i s  t h e r m a l l y  s t a b l e  up t o  60°C. A t t h i s  
1

t e m p e r a t u r e  t h e  H-NMR s i g n a l s  f rom  t h e  d i a n i o n  d i s a p p e a r ,  

p r o b a b ly  due t o  a  r e a c t i o n  w i t h  b y p r o d u c t s  fo rm ed  when X II  i s  

m ade . The t h r e e  i n t e r n a l  p r o t o n s  i n  t h e  d i a n i o n  now r e s o n a t e  

a t  6 - ^ . 6 0 , a  t y p i c a l  p o s i t i o n  f o r  i n t e r n a l  p r o t o n s  i n  a  

d i a t r o p i c  m o le c u le .

I n t e r e s t i n g l y ,  d e s p i t e  t h e  s t e r i c  i n t e r a c t i o n s  w h ich  p r e ­

v e n t  a c h ie v e m e n t  o f  p l a n a r i t y  i n  X I I , t h e  r e s o n a n c e  s t a b i l i -
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z a t i o n  a s s o c i a t e d  w i t h  t h e  14 t r - e l e c t r o n s  i n  t h e  d i a n i o n  o f  

[ 1 2 ] a n n u le n e  X II  i s  a t  l e a s t  8 K c a l /m o le  g r e a t e r  t h a n  t h e  

r e s o n a n c e  s t a b i l i z a t i o n  i n  t h e  i s o e l e c t r o n i c  s p e c i e s ,  t h e  

n e u t r a l  [ l 4 ] a n n u l e n e  I I .  S im p le  HMO c a l c u l a t i o n s  i n d i c a t e  

t h a t  t h e  d e l o c a l i z a t i o n  e n e r g y  i n  t h e  d i a n i o n  o f  [ 1 2 ] a n n u le n e  

X II  i s  a p p r o x i m a t e l y  one g u n i t  l a r g e r  t h a n  i n  [ l 4 ] a n n u l e n e

I I -
S in c e  t h e  p a r e n t  [ 1 2 ] a n n u le n e  X II  e x h i b i t s  e x tre m e  l a b i l i t y ,  

m ak ing  i t s  s tu d y  q u i t e  d i f f i c u l t ,  t h e  [ 1 2 ] a n n u le n e  p e r i m e t e r  

m u s t  be  made more r i g i d .  One way o f  d o in g  t h i s  i s  by  i n t r o ­

d u c in g  v a r i o u s  b r i d g e s  p r e v e n t i n g  t r a n s a n n u l a r  r e a c t i o n s .

The u se  o f  b r i d g i n g  g ro u p s  h a s  b e e n  m o s t  p r o f i t a b l y  

i n v e s t i g a t e d  by  V ogel and  h i s  g ro u p  i n  t h e  [ 1 0 ] a n n u le n e
o n  a  o

f i e l d - ;  As p r e v i o u s l y  d i s c u s s e d  [ 1 0 ] a n n u le n e  was fo u n d  t o

b eh av e  a s  a  r e a c t i v e  p o l y o l e f i n .  I n  c o n t r a s t  t o  t h i s  i n t r o ­

d u c t i o n  o f  a  b r i d g i n g  m e th y le n e  g ro u p  b e tw e e n  t h e  1 ,6  C -a tom s

p ro d u c e s  a  s t a b l e  m o le c u le  ( 1 , 6 - m e th a n o [1 0 ]a n n u le n e  
17 27 28 29IV '*  * ) t h a t  shows a  s t r o n g  d ia m a g n e t i c  r i n g  c u r r e n t

an d  t h u s  i t  c a n  be c l a s s i f i e d  a s  a r o m a t i c . S i m i l a r  b r i d g i n g  

g ro u p s  have  b e e n  u s e d  i n  t h e  [ 1 2 ] a n n u l e n e s .
31P y r a c y le n e  X I I I , s y n t h e s i z e d  by  T r o s t  and  c o - w o r k e r s ,  

f o r m a l l y  p o s s e s s e s  a n  e t h y l e n i c  b r i d g i n g  g ro u p .  M odels  

i n d i c a t e  a  m o d e ra te  d e f o r m a t i o n  from  a  p l a n a r  g e o m e try  f o r  

t h i s  m o le c u le .  I n  a d d i t i o n  t h i s  m o le c u le  i s  p r e d i c t e d  t o  

c o n t a i n  a  s t r a i n  e n e r g y  o f  48 K c a l /m o le .  The r i n g  p r o t o n s  

r e s o n a t e  a t  6 6 .5 2  ( f o r  t h e  p r o t o n s  on t h e  s i x  membered r i n g )
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and  6 6 .0 1  ( f o r  t h e  p r o t o n s  on t h e  f i v e  membered r i n g ) ' .  The 

5 16- d i h y d r o  compound X H I a  shows a  d o w n f ie ld  s h i f t  o f  a b o u t  

1 ppm f o r  t h e  r i n g  v i n y l i c  p r o t o n s .  T h i s  i n d i c a t e s  a  weak 

p a r a m a g n e t i c  r i n g  c u r r e n t  e x i s t s  f o r  X I I I , o r  t h e  s h i f t  may 

be due t o  l e s s  s t r a i n  i n  t h e  d ih y d r o  compound X H I a

X H I a

A b r i d g e d  [ 1 2 ] a n n u le n e  w h ich  shows an  a p p r e c i a b l e  p a r a ­

m a g n e t ic  r i n g  c u r r e n t  i s  c y c l ( 3 . 3 - 3 ) a z i n e  XIV? 2 T h i s  m o le c u le  

h a s  a  n i t r o g e n  atom  a s  t h e  fo r m a l  b r i d g i n g  g ro u p .  The 

v i n y l i c  p r o t o n s  a ro u n d  t h e  r i n g  r e s o n a t e  a t  t h e  e x c e p t i o n a l l y  

h ig h  u p f i e l d  p o s i t i o n s  o f  6 2 .0 7  and  3 . 6 5 . T h i s  m o le c u le  

must, t h e r e f o r e  p o s s e s s  a  s i g n i f i c a n t  p a r a m a g n e t i c  r i n g  c u r r e n t .  

U n f o r t u n a t e l y ,  w i t h  no i n t e r n a l  p r o t o n s  and  a  h e t e r o  a tom  i n  

t h e  c a v i t y  o f  t h e  m o le c u le ,  an  a c c u r a t e  a s s e s s m e n t  o f  t h i s  

p a r a t r o p i c  b e h a v i o r  i s  d i f f i c u l t  t o  ju d g e .  One way t o  g e t  

i n f o r m a t i o n  c o n c e r n i n g  t h e  i n f l u e n c e  o f  t h e  N -atom  w ould  be 

t o  s t u d y  t h e  ^-%-NMR o f  XIV and i t s  f u l l y  an d  p a r t i a l l y  

h y d r o g e n a te d  i s o m e r s .

A n o th e r  i n t e r e s t i n g  m o le c u le ,  s i m i l a r  t o  T r o s t ' s  p y r a c y le n e  

X I I I , i s  8b , 8c - d i a z a c y c l o p e n t [ f g ] a c e n a p h t h y l e n e  XV w here  th e
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32■ bringing  g ro u p  i s  f o r m a l l y  a  h y d r a z in o  m oiety... T h i s  m o le ­

c u l e  shows a  m o d e s t  p a r a m a g n e t i c  r i n g  c u r r e n t  e f f e c t .  The 

v i n y l i c  p r o t o n s  r e s o n a t e  a t  6 5 -1 3  (^H) and  5*22 (^H ) .

C om paring  t h e s e  v a l u e s  w i t h  t h e  s h i f t  p o s i t i o n s  from  c y c l -  

( 3 - 3 * 3 ) a z i n e  XIV, i t  i s  a p p a r e n t  t h a t  t h e  p r o t o n s  i n  XIV a r e  

c o n s i d e r a b l y  more s h i e l d e d  t h a n  i n  XV. A g a in  i t  i s  d i f f i c u l t  

t o  ju d g e  t h e  e f f e c t  o f  t h e  h e t e r o  a to m s  on th e  p a r a m a g n e t i c  

r i n g  c u r r e n t  i n  XV. A lso  XV d o es  n o t  p o s s e s s  i n t e r n a l  p r o ­

t o n s  and  may be  somewhat s t r a i n e d .

H e p ta le n e  XVI, a  [ 1 2 ] a n n u le n e  w i t h  a  c a r b o n - c a r b o n  s igm a 

bond a s  t h e  f o r m a l  b r i d g i n g  g ro u p ,  i s  a  v e r y  u n s t a b l e  m o le c u le  

f i r s t  s t u d i e d  by  D auben and  B e r t e l l i .  I n  i t s  g ro u n d  s t a t e  

t h i s  m o le c u le  i s  p r o b a b l y  n o n - p l a n a r  a s  shown by  low  t e m p e r a t u r e  

^C-NMR. T h e re  i s  a  C2 a x i s  a t  -1 6 7 °C , The m o le c u le  shows 

rr-bond f i x a t i o n ,  b u t  a l s o  u n d e rg o e s  a n  e x t r e m e l y  f a s t  Tf-bond 

s h i f t . ' ^ ’ - ^  The ^H-NMR s i g n a l s  a p p e a r  a t  ( -8 0 °C )  6 5 -0 2  

(H2 » H ^ ) , 5*75 (H^) , and  5 -8 0  (H ^ , H ^ ) . These  c h e m ic a l  s h i f t s  

i n d i c a t e  a  m o d e ra te  p a r a m a g n e t i c  r i n g  c u r r e n t .  The m o le c u le  

c a n  be r e d u c e d  w i t h  l i t h i u m  t o  t h e  l U  t r - d i a n i o n .  T h i s  s p e c i e s ,  

i n  c o n t r a s t  w i t h  h e p t a l e n e  XVI, i s  t h e r m a l l y  v e r y  s t a b l e .

The d i a n i o n  h a s  ^H-NMR s i g n a l s  ( -8 0 ° C )  6 5 -7 ^  (H^i H ^ ) , 6 .2 5  

( H ^ ) , and  7 -8 5  (H2 , H ^ ) . T h i s  i n d i c a t e s  t h a t  t h e  n e t  u p f i e l d  

s h i f t  a s s o c i a t e d  w i t h  t h e  i n t r o d u c t i o n  o f  two n e g a t i v e  c h a r g e s  

i s  more t h a n  made up f o r  by  t h e  in d u c e d  d ia m a g n e t i c  r i n g  

c u r r e n t  i n  g o in g  fro m  t h e  12 t r - sy s te m  t o  t h e  1^ t r - s y s te m .
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S i m i l a r  r e s u l t s  w ere  o b s e r v e d  w i t h  t h e  ^C-NMR s i g n a l s  o f  

t h e  p a r e n t  XVI an d  t h e  d i a n i o n . T h e  l a r g e  o b s e r v e d  d i a ­

m a g n e t ic  r i n g  c u r r e n t  p o i n t s  t o  a  d e l o c a l i z a t i o n  o f  t h e  t t -  

b o n d s  t h r o u g h  t h e  d i a n i o n .  These  r e s u l t s  p r o b a b l y  mean t h a t  

t h e  d i a n i o n  o f  h e p t a l e n e  XVI i s  p l a n a r ;  t h a t  i s ,  t h e  d e l o c ­

a l i z a t i o n  e n e r g y  i n  t h e  l l̂- Tf-system  i s  g r e a t  enough  t o  o v e r ­

come t h e  s t r a i n  e n e r g y  a s s o c i a t e d  w i t h  a  p l a n a r  g e o m e t ry .

1 , 7 -M e th a n o [ 1 2 ]a n n u le n e  X V IT ^  c a n  be c o n s i d e r e d  t h e  12
17 30

T r - a n a lo g  o f  1 , 6 -m e th a n o [ 1 0 ] a n n u le n e  IV . ^ M odels  i n d i c a t e  

t h a t  XVII i s  o n ly  s l i g h t l y  p u c k e r e d  a b o u t  t h e  r i n g .  I n  t h i s  

compound t h e  f o r m a l  b r i d g i n g  g ro u p  i s  a  sp  - h y b r i d i z e d  

m e th y le n e  C -a tom  w h ich  " s i t s "  o v e r  t h e  f a c e  o f  t h e  m o le c u le .  

T h e r e f o r e ,  t h i s  g ro u p  s h o u ld  be a  s e n s i v e  m a rk e r  i n  d e t e r m i n i n g  

t h e  p a r a t r o p i c  b e h a v i o r  o f  1 , 7 - m e th a n o [ 1 2 ] a n n u le n e  X V II .

The H-NMR s p e c t r u m  o f  XVII shows a  t e m p e r a t u r e  d ep en d e n c e  

i n d i c a t i n g  a  r a p i d  dynam ic p r o c e s s  i s  o c c u r r i n g .  T h i s  p r o c e s s  

i s  t h e  v a l e n c e  ta u to m e r i s m  b e tw e e n  X V IIa  an d  X V IIb , - ^  ( e q  3)■

The r e s o n a n c e s  a p p e a r  a t  6 6 .1 6  ( b r i d g e  CH2 ) an d  5 . 1 - 5 . 8  

( r i n g  p r o t o n s ) .  T h i s  i s  a  c o m p le te  r e v e r s a l  o f  t h e  p r o t o n  

p o s i t i o n s  i n  1 , 6 - m e th a n o [ 1 0 ] a n n u le n e  IV w here  t h e  b r i d g e

(3 )

X V IIa XVIIb
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p r o t o n s  a p p e a r  a t  6 - 0 . 5  and  t h e  r i n g  p r o t o n s  a p p e a r  a t  6 6 . 8 -

7 .5*  On lo w e r i n g  t h e  t e m p e r a t u r e  t h e  s i g n a l  from  t h e  b r i d g e

p r o t o n s  i n  XVII r e m a in s - u n c h a n g e d ,  .-w hile  t h e  s i g n a l s  from  t h e
3 7r i n g  p r o t o n s  b r o a d e n  and  change  s h a p e .■J{

1 3The room t e m p e r a t u r e  •'C-NMR s p e c t ru m  o f  XVII shows f o u r  

s i g n a l s  f o r  t h e  r i n g  c a r b o n s ,  i n d i c a t i n g  a  r a p i d  tr-bond  s h i f t  

a ro u n d  t h e  r i n g .  As t h e  t e m p e r a t u r e  i s  lo w e re d  b e tw e e n  -40°C 

and  -1 2 0 °C , m a g n e t ic  e q u i v a l e n c e  i s  l o s t  b e tw e e n  C2 and  Cg, • 

and  b e tw e e n  an d  C^. M a g n e t ic  e q u i v a l e n c e  i s  n o t  l o s t  b e tw e e n  

and  C l o v e r  t h i s  t e m p e r a t u r e  r a n g e .  Thus a t  -120°C th e
1 3 C-NMR s p e c t ru m  shows s i x  s i g n a l s  w h ich  means t h a t  t h e  tt-  

bond  s h i f t  h a s  e s s e n t i a l l y  b e e n  f r o z e n  o u t .

The d i a n i o n  o f  1 , 7 -m e th a n o [ 1 2 ] a n n u le n e  XVII c a n  be p r e ­

p a r e d  w i t h  l i t h i u m  o r  p o ta s s iu m  i n  T H F -d g .-^  The d i a n i o n  

shows a  t e m p e r a t u r e  i n d e p e n d e n t  H-NMR s p e c t ru m  w h ich  i n d i c a t e s  

a  r e o r g a n i z a t i o n  o f  t h e  bond o r d e r s  a ro u n d  t h e  p e r i m e t e r .

T h is  c a n  be a c c o u n te d  f o r  by  a  d e l o c a l i z a t i o n  o f  t h e  14 t t -  

e l e c t r o n s  i n  t h e  12 P z o r b i t a l s .  T h e re  i s  a l s o  t h e  l e s s e r  

p o s s i b i l i t y  o f  a  v e r y  r a p i d  v a l e n c e  bond t a u to m e r i s m .  The 

p r o d u c t i o n  o f  a n  a r o m a t i c  d ia m a g n e t i c  r i n g  c u r r e n t  i s  man- 

i f e s t e d  i n  t h e  p o s i t i o n  o f  t h e  H-NMR s i g n a l s .  The b r i d g e  

p r o t o n s  now a p p e a r  a t  6 - 6 . 4 4  and  t h e  r i n g  p r o t o n s  a p p e a r  

a t  6 6 . 4 1 - 7 . 1 6 .  The d i a n i o n  p r e p a r e d  a t  -80°C i s  t h e r m a l l y  

s t a b l e .

A compound r e l a t e d  t o  XVII i s  1 , 6 - m e th a n o [1 2 ]a n n u le n e
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X V III w h ich  c a n  e x i s t  i n  two fo r m s ,  X V II Ia  an d  X V I I I b .

T hese  two fo rm s  c a n  be i n  e q u i l i b r i u m  o r  one fo rm  may n o t  

a p p e a r  a t  a l l .  The p r o c e s s  l e a d i n g  from  one t o  t h e  o t h e r  

i s  a  n o n - i s o d y n a m i c a l ^ k  v a l e n c e  bond t a u to m e r i s m ,  ( e q  4 ) .

M odels  i n d i c a t e  t h a t  X V II Ia  s h o u ld  be more f a v o r e d  e n e r g e t i c a l l y  

t h a n  X V IIIb .

XVIIIa

CH

XVIIIb

i k )

Valence tautomer XVIIIa possesses the relatively rigid con­
formation XVIIIa' or XVIIIa1.'

XVIIIa

T hese  c o n f o r m a t io n s  show c o n s i d e r a b l e  d e v i a t i o n  from  a
1

p l a n a r  r i n g  g e o m e t ry .  The H-NMR sp e c t ru m  o f  XVIII shows no 

s i g n i f i c a n t  t e m p e r a t u r e  d e p e n d e n c e .  The s i g n a l s  a r e  l o c a t e d  

a t  6 6 .1 7  (H^, H^) and  5 >73 (H2 , H^) a s  a n  AA'BB' s y s te m ,  5*5 

(H^ t o  )» an d  a n  AB s y s te m  a t  2 .2 9  ( % 3 a ) and  7 -0  ( H ^ ^ )  

w i th  a  c o u p l i n g  c o n s t a n t  o f  - 1 1 . 5  Hz. The AA'BB' sy s te m  i s
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c o n s i s t e n t  w i t h  a  p a r t i a l  c y c l o h e p t a t r i e n e  s t r u c t u r e  w h ich  

i n d i c a t e s  t h e  v a l e n c e  t a u t o m e r  XVIIIa m u s t  h e  t h e  p r e d o m in a n t ,  

i f  n o t  e x c l u s i v e  fo rm . The r e m a r k a b le  s p l i t t i n g  o f  t h e  

b r i d g e  p r o t o n s  m u s t  i n d i c a t e  t h a t  t h e  p r e f e r r e d  c o n f o r m a t i o n  

i s  XVIIIa1 w h ic h  p u t s  much c l o s e r  t o  t h e  p a r a m a g n e t i c

r i n g  c u r r e n t  and  c o n s e q u e n t l y  d e s h i e l d s  t h i s  p r o t o n  much 

more t h a n  H ^ a . A l th o u g h  t h e r e  i s  m o d e r a t e l y  s t r o n g  d e v i a t i o n  

fro m  p l a n a r i t y ,  t h e  a u t h o r s  c o n c lu d e  t h e  compound p o s s e s s e s  

a  m o d e r a te  p a r a m a g n e t i c  r i n g  c u r r e n t .  T h i s  i s  a p p a r e n t  on 

c o m p a r i s o n  with-'9-, 1 0 - d i h y d r o - l , 6 - m e th a n o [ 1 2 ] a n n u le n e  XIX.

XIX

On g o in g  from  XIX t o  X V III  t h e  s i g n a l s  f ro m  t h e  AA'BB' s y s te m  

a r e  s h i f t e d  0 .5  ppm u p f i e l d ,  w h i l e  t h e  d o u b l e t s  o f  H ^ a  a n d  

% 3 b  a r e  s h i f t e d  a b o u t  0 . 7 2  an d  3*87 ppm, r e s p e c t i v e l y ,  down- 

f i e l d .

The d i a n i o n  o f  1 , 6 - m e th a n o [ 1 2 ] a n n u le n e  X V III  c a n  be p r e -
oQ

p a r e d  i n  a  s i m i l a r  f a s h i o n  t o  t h e  1 , 7 - i s o m e r .  The a n n u le n e  

p r o t o n s  e x p e r i e n c e  a  1 -2  ppm d o w n f i e ld  s h i f t  i n  g o in g  t o  t h e  

d i a n i o n  an d  t h e  b r i d g e  p r o t o n s  e x p e r i e n c e  a  u p f i e l d  s h i f t ,  

a p p e a r i n g  a t  5 -5 * 5 2  an d  - 6 . 0 8 .  T h i s  i s  c o m p l e t e l y  c o n s i s t e n t  

w i t h  a  d i a t r o p i c  14 T r - e l e c t r o n  H d c k e lo id  s y s te m .  The f a c t  

t h a t  t h e  b r i d g e  p r o t o n s  now a p p e a r  i n  a lm o s t  i d e n t i c a l  s h i f t



p o s i t i o n s  i s  c o m p e l l i n g  e v id e n c e  t h a t  t h e  p r e v i o u s l y  d i s t o r t e d  

[ 123a n n u le n e  p e r i m e t e r  h a s  f l a t t e n e d  due t o  t h e  i n c r e a s e  i n  

r e s o n a n c e  s t a b i l i z a t i o n  w h ich  c a n  c o m p en sa te  f o r  t h e  r i n g  

s t r a i n  i n  a  p l a n a r  s p e c i e s .  The H-NMR s p e c t ru m  i s  e s s e n t i a l l y  

t e m p e r a t u r e  i n d e p e n d e n t ,  i n d i c a t i n g  t h a t  t h e  m o le c u le  i n  t h e  

d i a n i o n  fo rm  i s  now d e l o c a l i z e d .  The d i a n i o n  i s  t h e r m a l l y  

s t a b l e .

A m o le c u le  r e l a t e d  t o  c y c l ( 3 - 3 - 3 ) a z i n e  XIY i s  c y c l ( ^ . 3 - 2 ) -  

a z i n e  XX ( 9 h - a z a b e n z [ c d ] a z u l e n e , R=R'=H).

XX

T h i s  m o le c u le  a l s o  p o s s e s s e s  a  12 t r - e l e c t r o n  p e r i m e t e r ,  b u t  

h e r e  t h e  r i n g s  a r e  a n n e l a t e d  i n  a  n o n -s y m m e tr ic  f a s h i o n .

The s y n t h e s i s  o f  XX h a s  b e e n  a t t e m p t e d ,  b u t  t h e  compound 

w i t h  R=R'=C00Et was o b t a i n e d  an d  c o u ld  n o t  be t r a n s f o r m e d  

f u r t h e r  t o  XX. The ^H-NMR o f  XX (R=R '=C00Et) shows r e s o n ­

a n c e s  a t  6 4 .9 2  ( H ^ ,  5 -0 2  (H2 ) ,  6 .0  (H3 ) ,  3 -9 7  (H6 ) ,  3 .6 5  

( H y ) , 3 -3 6  (Hq ) ,  and  ^ .0 6  ( H ^ ) . W ith  no i n t e r n a l  p r o t o n s  

i n  t h i s  m o le c u le  i t  i s  d i f f i c u l t  t o  ju d g e  t h e  d e g re e  and  

m a g n i tu d e  o f  t h e  p a r a t r o p i s m  o f  t h i s  m o le c u le .

The c a r b o c y c l i c  a n a l o g s  o f  c y c l ( 4 . 3 . 2 ) a z i n e -  XX (R=R'=H)
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are the 9b-methyl-9'b-hydro-l,2a,4,5a>7»9-henz[cdJazulene 
XXI and 9b-methyl-9b-hydro-2,3,5»6»8,9a-benz[cd]azulene XXII. 
These valence tautomers possess a methyl group in the internal 
Tf-cavity of the molecule, which would he good probes in 
analyzing the paratropism in these as yet unknown molecules. 
Model considerations indicate that XXI and XXII show consid­
erable deviation from planarity because of the dissymmetric 
ring annelation.

The best example of a bridged [12]annulene is 13-methyl- 
I l iphenalene XXIII, a molecule that has long been sought (see 

Chapter 1, section B). This molecule has an sp -hybridized 
C-atom as the bridging group with a methyl group attached 
to this bridging carbon. Formally this represents a replace­
ment of the three internal protons of [12]annulene XII by 
sigma bonds to carbon. An examination of a Dreiding model 
indicates that introduction of the sp -hybridized carbon 
causes very little deviation from planarity about the annulus. 
The internal bridging carbon "sits" at an angle of 15-20° 
above a mean plane formed by the ring carbons. The internal 
methyl group should act as a sensitive marker in studying any 
paratropic behavior this molecule is expected to exhibit when 
it is placed in an external magnetic field.

The internal methyl group in 13-methylphenalene XXIII 
is also expected to increase the stability of the molecule 
relative to the hydrogen substituted analog and to hinder
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any -thermally allowed [1,5]sigmatropic migration, which may 
be a facile process when a proton is substituted for the 
methyl group. This is illustrated in eq 5.

[ 1 , 5 ] (5 )

B ec a u se  o f  t h e  r i g i d i t y  and  h ig h  sym m etry  i n  X X III  i t  i s  

e x p e c t e d  t h a t  X X III  w i l l  e x i s t  a s  a  s t a b l e  c r y s t a l l i n e  m a t e r i a l ,  

w h ic h  w ou ld  make a n  X - r a y  s t u d y  a p p r o p r i a t e .

Thus a s  t h e  p r e v i o u s  d i s c u s s i o n  h a s  shown, t h e r e  a r e  few 

[ 1 2 ] a n n u l e n e s  known t h a t  com bine s t a b i l i t y ,  r i g i d i t y ,  

p l a n a r i t y  o f  s t r u c t u r e ,  and  unam biguous  s t r u c t u r a l  f e a t u r e s  

t h a t  makes d e t e r m i n a t i o n  o f  t h e  p r e s e n c e  o f  a  p a r a m a g n e t i c  

r i n g  c u r r e n t  e a s y ,  an d  n o t  s u b j e c t  t o  e x t r a n e o u s  e f f e c t s ,  

su c h  a s  t h o s e  due t o  a  h e te r o a to m (  s )  , o r  a n  e x t r a  -rr-system 

i n  t h e  c a v i t y  o f  t h e  r i n g .  T h i s  s h o u ld  make 1 3 - m e th y lp h e n a le n e  

X X III  t h e  i d e a l  exam ple  o f  a  b r i d g e d  [ 1 2 ] a n n u le n e  and  c o n s e ­

q u e n t l y  i t s  s y n t h e s i s  and  i n v e s t i g a t i o n  s h o u ld  c o n s i d e r a b l y  

a d v an c e  o u r  u n d e r s t a n d i n g  o f  p a r a t r o p i s m  i n  4n  s y s te m s .
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B. P r e v i o u s  A p p ro a ch e s  To 1 3 -M e th y lp h e n a le n e  X X III  

And R e l a t e d  S y s te m s .

B r id g e d  [ lA J a n n u l e n e s  w h ich  b e a r  a  s t r i k i n g  r e s e m b la n c e

t o  1 3 - m e th y lp h e n a le n e  X X III  a r e  t h e  t r a n s  and  c i s -1 5 > 16-

d im e t h y l d i h y d r o p y r e n e s  V an d  Va r e s p e c t i v e l y ,  e l e g a n t l y  s y n -
A? A 2t h e s i z e d  by  V. B o e k e lh e id e  an d  c o - w o r k e r s .  ’ J The p e r i m e t e r

o f  t h e  t r a n s  i s o m e r  i s  e s s e n t i a l l y  p l a n a r .  I n  f a c t  X - ra y

c r y s t a l l o g r a p h i c  e x a m i n a t io n  o f  2 , 7 - d i a c e t o x y - 1 5 i 1 6 - d im e th y l

p y re n e  Vb h a s  shown t h a t  no C -a tom  d e v i a t e s  more t h a n  0 .0 2 7  A
A 2

from  a  mean p l a n e . I n  a d d i t i o n  t h e  bond  d i s t a n c e s  i n  t h i s  

m o le c u le  v a r y  b e tw e e n  1 .3 8 6  A and  1.A01 A, i n  e x c e l l e n t
AAa g re e m e n t  w i t h  t h e  s t a n d a r d  b e n ze n e  bond  d i s t a n c e  o f  1 .3 9 7  A. 

T h i s  m o le c u le  (Vb) h a s  h ig h  d i a m a g n e t i c  s u s c e p t i b i l i t y .

O A c

CH

O A c

Vb

T r a n s - 1 5 i 1 6 - d i m e t h y l d i h y d r o p y r e n e  V a l s o  b e h a v e s  a s  an  

a r o m a t i c  m o le c u le  i n  t h a t  i t  r e a d i l y  u n d e rg o e s  e l e c t r o p h i l i c
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s u b s t i t u t i o n  r e a c t i o n s  I n  f a c t  i t  i s  s l i g h t l y  more r e a c t i v e
A

t h a n  b e n z e n e .  The H-NMR s i g n a l s  f o r  t h i s  m o l e c u l e ,  ( F i g u r e  6 ) ,  

a p p e a r  a t  t y p i c a l l y  u p f i e l d  p o s i t i o n s  f o r  t h e  i n t e r n a l  

m e th y l s  (6 - 4 .2 5 )  and  t y p i c a l l y  d o w n f ie ld  f o r  t h e  r i n g  

p r o t o n s  (6 7 * 9 8 - 8 .6 7 ) .  T h i s  m o le c u le  i s  i n  a l l  s e n s e s  

d i a t r o p i c  an d  a r o m a t i c .

The d i a n i o n  o f  t r a n s - 1 5 » 1 6 - d i m e th y ld i h y d r o p y r e n e  V c a n

be p r e p a r e d  w i t h  l i t h i u m  o r  p o t a s s iu m  i n  TKF-dg. The d i a n i o n

i s  now a 16 T r - e l e c t r o n  p a r a m a g n e t i c  s p e c i e s  an d  e x p e r i e n c e s  a
1

c o m p le te  r e v e r s a l  o f  t h e  s i g n a l s  i n  t h e  H-NMR. The i n t e r n a l  

m e th y l  g ro u p s  now a p p e a r  a t  6 2 1 .0 .  T h i s  i s  a  s h i f t  o f  o v e r  

25 ppm fro m  t h e  n e u t r a l  m o le c u le !  ^ The r i n g  p r o t o n s  i n  t h e  

d i a n i o n  a p p e a r  a t  6 - 3*19  t o  - 3*96

S u b s t i t u t i o n  o f  t h e  i n t e r n a l  m e th y l  g ro u p s  i n  V w i th  

h y d ro g e n  l e a d s  t o  f a c i l e  o x i d a t i o n  t o  p y r e n e ,  ( e q  6 ) .

T h is  l a s t  r e a c t i o n  i l l u s t r a t e s  t h e  u s e  o f  t h e  i n t e r n a l  m e th y l  

g ro u p s  a s  s t a b i l i z e r s ,  p r e v e n t i n g  c e r t a i n  s i d e  r e a c t i o n s  from  

o c c u r r i n g .

C i s - 1 5 >1 6 - d im e th y ld i h y d r o p y r e n e  Va, ( F i g u r e  6 ) ,  shows 

a n a lo g o u s  r e s u l t s  e x c e p t  t h a t  s i n c e  t h i s  m o le c u le  i s  more 

s a u c e r  sh a p e d  t h a n  t h e  t r a n s  i s o m e r ,  t h e  i n t e r n a l  m e th y l s  

s i t  f u r t h e r  away from  t h e  s o u r c e  o f  t h e  d ia m a g n e t i c  r i n g  

c u r r e n t .  C o n s e q u e n t ly ,  t h e s e  m e th y l  p r o t o n s  r e s o n a t e  a t  

6 - 2 . 0 6 . ^ a  T h is  i s  a b o u t  2 ppm d o w n f ie ld  fro m  t h e  p o s i t i o n  

o f  t h e  i n t e r n a l  p r o t o n s  i n  t h e  t r a n s  i s o m e r , ^  ( F i g u r e  6 ) .



-
13

6-

XIV

H (6  2 . 0 5 )  

H ( 6  3*65)

3N CH3 ( 6  - 4 .2 5 )

R in g  P r o t o n s  
6 7 . 9 8 - 8 . 6 7

CH3 (6  - 2 . 0 6 )

R in g  P r o t o n s  
6 7 - 5 0 - 8 . 7 4

F i g u r e  6 .  H-NMR o f  Some S y s te m s  R e l a t e d  t o  1 3 - M e th y lp h e n a le n e  XXIII*

° 2  ° r  

h v
(6 )
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The f i r s t  a t t e m p t s  a t  t h e  s y n t h e s i s  o f  1 3 -m e th y lp h e n a le n e

X X III  i n v o l v e d  a t t e m p t e d  t r a p p i n g  o f  t h e  p h e n a le n e  a n i o n

X X I V ^ ’^8 o r  t h e  p h e n a le n iu m  c a t i o n  JOCy^’ ^ 0 ’ -^  w i t h  s u i t a b l e

e l e c t r o p h i l i c  o r  n u c l e o p h i l i c  r e a g e n t s ,  ( F i g u r e  7 ) .  The

p h e n a l e n y l  a n i o n  XXIV h a s  b e e n  p r e p a r e d  by  B o e k e lh e id e  and  
L n

L a r r a b e e  ' by  t r e a t m e n t  o f  p h e n a le n e  XXVI w i t h  p h e n y l l i t h i u m .

They t r a p p e d  t h e  a n i o n  w i t h  m e th y l  i o d i d e ,  b u t  t h e y  d i d  n o t

i s o l a t e  X X I I I . I n s t e a d  t h e  p r o d u c t s  i s o l a t e d  w ere  4 - m e th y l -

p h e n a le n e  XXVII an d  9 - m e th y lp h e n a le n e  X X V III , ( F i g u r e  7 )-

S i g n i f i c a n t l y ,  no 2 - m e th y lp h e n a le n e  was o b s e r v e d .
A8 1The a n i o n  o f  p h e n a le n e  XXIV shows H-NMR s i g n a l s  a t

6 5 -1 7  ( d ,  6h ) and  5*91 ( t , 3 H ) . As p r e d i c t e d  from  m o le c u la r

o r b i t a l  c a l c u l a t i o n s  t h e  p h e n a l e n y l  a n i o n  XXIV, t h e  p h e n a -
w c , d , el e n iu m  c a t i o n  XXV and  t h e  p h e n a l e n y l  r a d i c a l  a r e  s t a b l e . - '

l\.q
A s t a b l e  p h e n a le n iu m  s a l t  h a s  b e e n  p r e p a r e d  by P e t t i t  and 

a  more g e n e r a l  m ethod  t o  p r e p a r e  p h e n a le n iu m  c a t i o n s  h a s  

b e e n  d e v e lo p e d  by  R e id  and  c o -w o rk e r s , - ^ 0 ( F i g u r e  7 ) .

A t te m p ts  a t  t r a p p i n g  t h e  c a t i o n  XXV w i t h  r e a g e n t s  l i k e  m e th y l -  

l i t h i u m  d i d  n o t  r e s u l t  i n  t h e  f o r m a t i o n  o f  13 -m e th y lp h e n a le n e ,
cJl

b u t  i n s t e a d  y i e l d  r i n g  m e t h y l a t e d  p r o d u c t s ,  ( F i g u r e  7)■

The p h e n a le n iu m  c a t i o n  XXV h a s  a l s o  b e e n  o b t a i n e d  u s i n g
^ p s. *bf l u o r o s u l f o n i c  a c i d  and  a n t im o n y  p e n t a f l u o r i d e  . '

The r e a s o n  t h a t  t h e  p h e n a le n iu m  c a t i o n  XXV o r  a n i o n  XXIV 

do n o t  g iv e  1 3 - m e th y lp h e n a le n e  X X III  c a n  be c l e a r l y  u n d e r ­

s to o d  when one a n a l y z e s  t h e  p o s i t i o n s  o f  t h e  e l e c t r o n i c
c;2cc h a r g e  d i s t r i b u t i o n  a ro u n d  t h e  r i n g .  F ig u r e  8 shows t h a t
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1 /61/ 6,
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F o r  The C a t i o n  And A n io n

F i g u r e  8 . E l e c t r o n i c  C h a rg e  D i s t r i b u t i o n  i n  t h e  P h e n a le n e  A n io n  XXIV and  C a t i o n  XXV.
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t h e  c h a r g e  i s  z e r o  a t  t h e  c e n t r a l  c a r b o n  and  a t  C2 > C y  and  

Cg t h u s  m ak ing  i t  i m p o s s i b l e  f o r  a n  e l e c t r o p h i l i c  o r  n u c l e o -  

p h i l i c  r e a c t i o n  t o  o c c u r  a t  t h e s e  p o s i t i o n s .  W ith  t h i s  l i m i t ­

a t i o n  i n  mind t h e  u s e  o f  p h e n a le n e  XXVI a s  a  s t a r t i n g  m a t e r i a l  

f o r  t h e  s y n t h e s i s  o f  1 3 - m e th y lp h e n a le n e  X X III becom es a l l  b u t  

i m p o s s i b l e .

Grohmann an d  Hermoso t r i e d  a n  a p p r o a c h  t o  1 3 -m e th y lp h e n a le n e

X X III  w h ich  o f f e r e d  much p r o m is e ,  b u t  no d e f i n i t e  r e s u l t  i s
53a s  y e t  f o r t h c o m m g .  The Grohmann and  Hermoso > a p p r o a c h  u s e s

t h e  known, b u t  n o t  so r e a d i l y  a v a i l a b l e  t r i c y c l i c  t r i o n e  XXIX,

( e q  ? a ) P ^  T h is  compound i s  a v a i l a b l e  t h r o u g h  t h e  b i s - M i c h a e l

r e a c t i o n  o f  d im e th y l  a c e to n e  d i c a r b o x y l a t e  on t h e  b i s - e n o n e  
<5 Ll

XXX. The i n t e r m e d i a t e  d i e s t e r  i s  h y d r o ly z e d  and  d e c a r b o x -  

y l a t e d  t o  g iv e  t h e  d e s i r e d  t r i c y c l i c  t r i o n e  XXIX, ( e q  7 a ) .

T h i s  compound h a s  t h e  c e n t r a l  m e th y l  g ro u p  i n  p l a c e  an d  h a s  

t h r e e  p o t e n t i a l  d o u b le  b o n d s  th r o u g h  s u i t a b l e  e l a b o r a t i o n  

o f  t h e  k e t o  g r o u p s .

The t r i s - t o s y l h y d r a z o n e  o f  XXIX was made i n  s i t u  and  

t r e a t e d  w i t h  e x c e s s  m e t h y l l i t h i u m .  A s e v e n  com ponent m ix tu r e  

was i s o l a t e d .  The f i f t h  p eak  i n  t h e  GC-MS gave  a  m o l e c u l a r  

i o n  a t  m/e 186 i n  a g re e m e n t  w i t h  t h e  p ro p o s e d  s t r u c t u r e  XXXI.
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'1
The H-NMR i n d i c a t e d  a  m ix tu r e  o f  i s o m e r s  f o r  XXXI. The e n t i r e  

s e v e n  com ponent m ix tu r e  was a l lo w e d  t o  r e a c t  w i t h  m o l e c u l a r  

b rom ine  and  t h e  c r u d e  b ro m id e  was d e h y d ro b ro m in a te d  w i t h  

p o ta s s iu m  t e r t - b u t o x i d e . A f t e r  work up a n  o i l  was i s o l a t e d  

w h ich  c o u ld  n o t  be  p u r i f i e d  f o r  d e t a i l e d  a n a l y s i s .  The 

com pound(s) may hav e  decom posed on a t t e m p t e d  c h r o m a to g r a p h ic  

p u r i f i c a t i o n .

Grohmann and  N o i re  have  t r i e d  a  d i f f e r e n t  a p p r o a c h  w i t h  

t r i c y c l i c  t r i o n e  XXIX. T h i s  compound was t r e a t e d  w i t h  e x c e s s  

m e t h y l l i t h i u m .  A f t e r  work up by  c o n t i n u o u s  e x t r a c t i o n  a  

h ig h  y i e l d  o f  t h e  t e r t i a r y  t r i o l  XXXII was o b t a i n e d ,  ( e q  7 b ) .  

T h i s  compound was s u b j e c t e d  t o  d e h y d r a t i o n  w i t h  p o ta s s iu m  

b i s u l f a t e .  A compound was d i s t i l l e d  whose m ass .sp ec tru m  

was c o n s i s t e n t  w i t h  t h e  d e s i r e d  t r i c y c l i c  t r i e n e  X X X III, .

( e q  ?b). No f u r t h e r  work h a s  b e e n  done a l o n g  t h e s e  l i n e s  

ow ing t o  t h e  d i f f i c u l t i e s  i n  o b t a i n i n g  b i s - e n o n e  XXX. A 

new and  e n t i r e l y  d i f f e r e n t  a p p r o a c h  h a s  b e e n  d e v e lo p e d  

to w a rd  a  s y n t h e s i s  o f  1 3 - m e th y lp h e n a le n e  X X I I I . T h i s  a p p ro a c h  

i s  t h e  s u b j e c t  o f  t h e  n e x t  c h a p t e r .
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C h a p t e r  Two
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A. S y n t h e s i s  o f  P r e c u r s o r s  S u i t a b l e  f o r  E l a b o r a t i o n  i n t o  

a  F u n c t i o n a l i z e d  P h e n a l e n e - t y p e  T r i c y c l i c  S k e l e t o n .

k g  ei
The e a r l i e r  r e s u l t s  w i t h  t h e  p h e n a le n iu m  c a t i o n  7%J a n d

1j*7 k g
t h e  p h e n a l e n y l  a n i o n  1 ’ 7 make i t  c l e a r  t h a t  an y  s y n t h e t i c  

s t r a t e g y  f o r  p r e p a r i n g  1 3 - m e th y lp h e n a le n e  X X III  m u s t  i n c o r ­

p o r a t e  t h e  c e n t r a l  m e th y l  g ro u p  e a r l y  i n  t h e  s y n t h e s i s .

F i g u r e  9 shows f o u r  p o s s i b l e  compounds w h ic h  a r e  f e l t  w ou ld  

make s u i t a b l e  p r e c u r s o r s  f o r  a n  e n t r y  t o  t h e  1 3 - m e th y l ­

p h e n a le n e  n u c l e u s .

T h e se  p r e c u r s o r s  a r e  a l l  s e e n  t o  p o s s e s s  t h e  c e n t r a l  a n g u l a r  

m e th y l  g r o u p ,  a n d  s u i t a b l e  f u n c t i o n a l i z a t i o n  t o  a l l o w  r e l a t i v e l y  

s im p le  a n n e l a t i o n  o f  t h e  t h i r d  r i n g  n e c e s s a r y  f o r  t h e  fo r m a ­

t i o n  o f  t h e  p h e n a le n e  n u c l e u s .  I n  d i e n e  e s t e r  XXXIY a  l o n g  

r a n g e  p l a n  f o r  fo r m in g  t h e  t r i c y c l i c  s k e l e t o n  w ou ld  i n v o l v e  

p r o t e c t i o n  o f  t h e  k e to n e  a s  t h e  e t h y l e n e  k e t a l ,  r e d u c t i o n  o f  

t h e  e s t e r  t o  t h e  p r im a r y  a l c o h o l ,  p r e p a r a t i o n  o f  t h e  c h l o r i d e  

o r  b ro m id e ,  an d  t h e n  two c a r b o n  e x t e n s i o n  w i t h  r e a g e n t s  l i k e  

a c e t a l d e h y d e  c y c l o h e x y l i m i n e * ^  o r  c i s - 2 - e t h o x y v i n y l l i t h i u m . ^  

A f t e r  r e m o v a l  o f  t h e  k e t a l  a n  a l d o l  c y c l i z a t i o n  w o u ld  p ro d u c e  

a  u s e f u l  t r i c y c l i c  i n t e r m e d i a t e . T h i s  g e n e r a l  p l a n  i s  i l l u s ­

t r a t e d  i n  Scheme I .



■ CH , 
COOCH,

XXXIV

H

XXXVI

XXXV

CH

XXXVII

Figure 9- Four Potential Precursors Suitable For Elaboration Into a Phenalene Nucleus.
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F o r  com pounds XXXV, XXXVI, and  XXXVII t h e  s t r a t e g y  w ou ld  

be  s i m i l a r  f o r  a n n e l a t i o n  o f  t h e  t h i r d  r i n g .  T h i s  w o u ld  i n ­

v o lv e  a  M ic h a e l  r e a c t i o n  w i t h  a  t h r e e  c a r b o n  s y n th o n  s u c h  a s  

a l l y l i d e n e t r i p h e n y l p h o s p h o r a n e ,  m e th y l  a c e t o a c e t a t e , o r  

t - b u t y l  a c e t o a c e t a t e ,  a t  t h e  l e s s  h i n d e r e d  d o u b le  bond  i n  

XXXV a n d  a t  t h e  A-1 - d o u b le  bond  i n  XXXVI an d  XXXVII. F o r  

t h e  e s t e r  s y n th o n s  t h e  r i n g  c l o s u r e  w ou ld  be e f f e c t e d  a f t e r  

e s t e r  h y d r o l y s i s  an d  d e c a r b o x y l a t i o n .  The p h o s p ’n o ra n e  

a n n e l a t i o n  w o u ld  i n v o l v e  a d d i t i o n  o f  t h e  p h o s p h o ra n e  fro m  

t h e  y p o s i t i o n  t o  t h e  a , 0 - u n s a t u r a t e d  k e to n e  a n d  t h e n  an  

i n t r a m o l e c u l a r  W i t t i g  r e a c t i o n .  T h ese  a p p r o a c h e s  a r e  i l l u s ­

t r a t e d  in- Scheme I I .
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1. A t te m p te d  S y n t h e s i s  o f  K e to  E s t e r  XXXIY.

C o rey  and  W att  have  r e p o r t e d  t h e  s u c c e s s f u l  D i e l s - A l d e r  

r e a c t i o n  b e tw e e n  4 - m e th y l - 3 - c y c lo h e x e n o n e  an d  3 -c a rb o m e th o x y -  

2 -p y r o n e  XXXVIII t o  y i e l d  a  h i g h l y  f u n c t i o n a l i z e d  k e t o  e s t e r  

i n  22$ y i e l d ,  ( e q  8 ) . ^  The D i e l s - A l d e r  r e a c t i o n  b e tw e e n  

p y ro n e  XXXVIII an d  3 - m e th y l - 3 - c y c lo h e x e n o n e  XXXIX s h o u ld  

p ro d u c e  k e t o  e s t e r  XXXIV, ( e q  9 )•

3 - M e th y l - 3 - c y c lo h e x e n o n e  XXXIX was s y n t h e s i z e d  by m o d i f i ­

c a t i o n s  o f  t h e  B i r c h  p r o c e d u r e . S t a n d a r d  B i r c h  r e d u c t i o n  

o f  m - m e th y la n i s o l e  XL w i t h  sodium  i n  l i q u i d  ammonia a f f o r d e d  

a n  8 3 .4 $  y i e l d  o f  l - m e t h o x y - 5 - m e t h y l - l , 4 - c y c l o h e x a d i e n e  X L I ,
O

( e q  1 0 ) .  C a r e f u l  k e t a l i z a t i o n  o f  t h e  e n o l  e t h e r  XLI w i t h

p - t o l u e n e s u l f o n i c  a c i d  i n  m e th a n o l  a f f o r d e d  a  75- ^%  y i e l d  o f

k e t a l  X L I I . K e t a l  X LII was c a r e f u l l y  h y d r o ly z e d  w i t h  1$

h y d r o c h l o r i c  a c i d  f o r  0 .5  h t o  y i e l d  t h e  d e s i r e d  enone  XXXIX.

I s o m e r i z a t i o n  o f  t h e  y ,6 - e n o n e  t o  t h e  oc,|3-enone o c c u r s  upon
co

e x p o s u r e  t o  s t r o n g e r  a c i d s  f o r  l o n g e r  t i m e s .  7 T h i s  m ethod  

p ro d u c e d  t h e  enone  XXXIX i n  a  p u re  s t a t e  by GC a n a l y s i s .

P y ro n e  XXXVIII was s y n t h e s i z e d  by  s t a n d a r d  t e c h n i q u e s .^ 7 > 6 0  

A c id  c a t a l y z e d  K n o e v e n a g e l  c o n d e n s a t i o n  o f  t e t r a m e t h o x y p r o -  

pane  X L I I I  w i t h  d im e th y lm a lo n a te  XLIV y i e l d e d  t h e  a l l y l i d e n e -  

m a lo n a te  XLV i n  7 2 .8 $  y i e l d ,  ( e q  1 1 ) .  M a lo n a te  XLV was c y c l i z e d  

w i t h  90$ f o r m ic  a c i d  t o  t h e  d e s i r e d  3 - c a r b o m e th o x y - 2 - p y r o n e  

XXXVIII i n  57.195 y i e l d ,  ( e q  1 1 ) .

U n f o r t u n a t e l y ,  XXXVIII an d  XXXIX c o u ld  n o t  be  in d u c e d  t o
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u n d e rg o  t h e  D i e l s - A l d e r  r e a c t i o n  u n d e r  v a r i e t y  o f  c o n d i t i o n s ,  

(T a b le  1 ) .

T a b le  1

A t te m p te d  D i e l s - A l d e r  R e a c t i o n  b e tw e e n  XXXVIII an d  XXXIX.

Run

1

2

3

k

5

6

C o n d i t i o n s

S u b lim ed  XXXVIII 
1 4 0 -150°C , 24 h

U n su b l im ed  XXXVIII 
1^0 -1 5 0 °C , 2F"h

U n su b lim ed  XXXVIII 
13 0 -1 ^0 °C , W ~ h

U nsu b lim ed  XXXVIII 
110°C, 2 k  h

U n su b l im ed  XXXVIII 
95°C, 2k  h

U n su b l im ed  XXXVIII 
90-120°C  , 2 lT h

S o l v e n t

none

none

C h lo ro b e n z e n e

C h lo ro b e n z e n e

C h lo ro b e n z e n e

none

C a t a l y s t

none

none

none

A1C10

SnCl k

SnCli

The r e a s o n  f o r  t h e  f a i l u r e  o f  t h i s  r e a c t i o n  may be due t o  a  

s e v e r e  s t e r i c  i n t e r a c t i o n  i n  t h e  t r a n s i t i o n  s t a t e  b e tw e e n  t h e  

c a rb o m e th o x y  g ro u p  i n  XXXVIII an d  t h e  m e th y l  g ro u p  i n  XXXIX. 

T h i s  l i n e  o f  r e s e a r c h  was t h e n  a b a n d o n e d .

2 . A t te m p te d  S y n t h e s i s  o f  C r o s s - C o n ju g a t e d  D ie n e d io n e  XXXV.

C r o s s - c o n j u g a t e d  c y c l o h e x a d ie n e d io n e  XXXV seem ed t o  o f f e r  

good p o s s i b i l i t y  a s  a  p r e c u r s o r  f o r  a  t r i c y c l i c  i n t e r m e d i a t e



-150-

b e c a u s e  o f  i t s  v a r i e d  an d  w e l l  p l a c e d  f u n c t i o n a l i t y .  T h e re  

a r e  no known s y s te m s  l i k e  XXXV w i t h  a  C g -k e to  g ro u p .  Wood­

w ard  and  S in g h  have  s y n t h e s i z e d  c r o s s - c o n j u g a t e d  c y c lo h e x a d ie n o n e
61

XLVI, a  c l o s e l y  r e l a t e d  s y s te m .

XLVI

The m ost d i r e c t  a p p r o a c h  t o  XXXV a p p e a r e d  t o  he t h e
622 ,3 - d i c h l o r o - 5 i 6 - d i c y a n o b e n z o q u i n o n e  (DDQ) m e d ia te d  o x i d a t i o n  

o f  t h e  W ie la n d -M ie s c h e r  k e to n e  XLVII^  ( e q  1 2 ) .  U s in g  th e  

g e n e r a l  p r o c e d u r e  o f  K ro p p , XLVII was t r e a t e d  w i t h  e x c e s s  DDQ
64and  a  c a t a l y t i c  am ount o f  g l a c i a l  a c e t i c  a c i d  i n  d ry  b e n z e n e .  

The o n ly  p r o d u c t  o b s e r v e d  fro m  t h i s  r e a c t i o n  was t h e  known 

5 - m e t h y l - 8 - h y d r o x y - l - t e t r a l o n e  X L V III^  i n  4 0 -4 5 $  y i e l d  i n  

s m a l l  s c a l e  e x p e r i m e n t s .  When t h e  e x p e r im e n t  was r e p e a t e d  

w i t h o u t  t h e  a c i d  c a t a l y s t ,  t h e  i d e n t i c a l  r e s u l t  was o b s e r v e d ,

b u t  t h e  y i e l d  was o n ly  20$. The p re sum ed  d i e n o n e - p h e n o l
66r e a r r a n g e m e n t  c o u ld  n o t  be  p r e v e n t e d .  The m echanism  f o r  

t h i s  r e a r r a n g e m e n t  on t h e  i n t e r m e d i a t e  XXXV i s  shown i n  Scheme 

I I I .

The s p e c t r a l  d a t a  f o r  XLVIII was i n  e x c e l l e n t  a g re e m e n t  

w i t h  p u b l i s h e d  s p e c t r a . ^  The i s o m e r i c  and  known 8 - m e th y l - 5 -
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XLVII

* Lo-
XXXV

HO HO

A
* *

HO

XLVI 11

B

HO
XLIX

Scheme I I I

h y d r o x y - 1 - t e t r a l o n e  XLIX^^ was n o t  d e t e c t e d .  T h i s  i s  a p p a r e n t

from  u n f a v o r a b l e  p a th w ay  A w here  a  c a rb o n iu m  i o n  i s  a  to  a

c a r b o n y l  g ro u p .

S e le n iu m  d i o x i d e  o x i d a t i o n  o f  XLVII f a i l e d  t o  g iv e  any
68p r o d u c t  t h a t  c o u ld  be  c h a r a c t e r i z e d  a s  XXXV.

The s a t u r a t e d  c a r b o n y l  i n  XLVII was p r o t e c t e d  a s  t h e  e t h y l ­

ene k e t a l  L , ( e q  13) » u s i n g  s t a n d a r d  t e c h n i q u e s ' ^ ’ ^  b u t  t h i s
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compound f a i l e d  t o  r e a c t  w i t h  DDQ.

3 .  A t te m p te d  S y n t h e s i s  o f  XXXV T hrough  K e t o - K e t a l  L I .

1
Two m ethods  w ere  u s e d  t o  i n t r o d u c e  t h e  A  d o u b le  bond  i n

L. The f i r s t  o f  t h e s e  i n v o l v e d  b r o m i n a t i o n  o f  L w i t h  c u p r i c
70b ro m id e  i n  c h l o r o f o r m - e t h y l  a c e t a t e , '  ( e q  1 3 ) .  The c ru d e

b ro m id e  LIT (R=Br) was a l lo w e d  t o  r e a c t  w i t h  l i t h i u m  b ro m id e
71an d  l i t h i u m  c a r b o n a t e  m  d ry  DMF a t  a p p r o x i m a t e l y  130°C . '

The c r o s s  c o n j u g a t e d  k e t o - k e t a l  L I  o b t a i n e d  i n  t h i s  way c o u ld

be d i s t i l l e d ,  a l b e i t ,  i n  m o d est  y i e l d ,  ( e q  1 3 ) .  A t te m p ts  a t

h y d r o l y z i n g  t h e  k e t a l  g ro u p  i n  L I  t o  g e t  XXXV f a i l e d .  As th e
1

h y d r o l y s i s  p r o c e e d e d ,  t h e r e  was a  g r a d u a l  l o s s  o f  t h e  H-NMR

s i g n a l s  from  t h e  v i n y l i c  'p r o t o n s .

The sec o n d  m ethod  o f  p r e p a r a t i o n  o f  L I i n v o l v e d  f o r m a t i o n
72o f  t h e  h o m o a n n u la r  d i e n o l a t e  a n i o n  ' o f  L w i t h  l i t h i u m

d i i s o p r o p y l a m i d e  (LDA) and  t r a p p i n g  o f  t h i s  e n o l a t e  w i th

p h e n y l s e l e n e n y l  c h l o r i d e  a c c o r d i n g  t o  t h e  g e n e r a l  p r o c e d u r e  o f  
73R e ic h  e t  a l l ,  f o r m in g  t h e  a - p h e n y l s e l e n o  k e to n e  LIT (R =SePh), 

( e q  1 3 ) .  C rude  s e l e n i d e  LIT (R=SePh) was a l lo w e d  t o  r e a c t  

w i t h  h y d ro g e n  p e r o x i d e  i n  d i c h lo r o m e th a n e  o r  e t h y l  a c e t a t e ,  

a f f o r d i n g  t h e  d e s i r e d  c r o s s - c o n j u g a t e d  k e t a l  L I  a lo n g  w i t h  

u n c h a n g e d  L , ( e q  1 3 ) . ^  A l th o u g h  LI was s t a b l e  i t  r e s i s t e d  a l l  

fo rm s  o f  p u r i f i c a t i o n  when p r e p a r e d  by  t h e  R e ic h  p r o c e d u r e . 

A g a in  a t t e m p t e d  h y d r o l y s i s  o f  t h e  m ix tu r e  o f  L and  LI r e ­

s u l t e d  i n  t h e  d e c o m p o s i t i o n  o f  L I .
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I n  a d d i t i o n  L was s u l f e n y l a t e d  w i t h  p h e n y l  d i s u l f i d e  a c c o r d -

was o x i d i z e d  w i t h  m - c h l o r o p e r b e n z o ic  a c i d  (MCPBA) o r  

sodium  m e t a p e r i o d a t e  t o  t h e  s u l f o x i d e  L IY . T h i s  s u l f o x i d e  

c o u ld  n o t  he d e h y d r o s u l f e n y l a t e d  by h e a t i n g  i n  t o l u e n e  o r  

x y l e n e ,  ( e q  1 4 ) .

2 - o n e ,  t h e  a n a lo g o u s  r e a c t i o n  o f  2 - m e t h y l - 1 , 3 - c y c l o h e x a n e -

s p e c t ru m ,  t h e  i n i t i a l  M ic h a e l  r e a c t i o n  a p p e a r e d  t o  o c c u r  i n  

m o d e ra te  y i e l d ,  ( e q  1 5 )-  U n f o r t u n a t e l y ,  t h e  c ru d e  M ic h a e l  

a d d u c t  c o u ld  n o t  be c y c l i z e d  u n d e r  a  v a r i e t y  o f  b a s i c  c o n d i t i o n s  

(KOH, t r i e t h y l a m i n e ) .  I f  t h e  M ic h a e l  a d d u c t  i n  eq  15 h a s  a  

t r a n s  c o f i g u r a t i o n  a b o u t  t h e  d o u b le  b o n d , t h a n  a n  a l d o l  c o n ­

d e n s a t i o n  w ould  be g e o m e t r i c a l l y  i m p o s s i b l e .

Th$ a - p h e n y l t h i o  k e t o n e  L I I Ii n g  t o  t h e  T r o s t  p r o c e d u r e

L + H5C6-S S -C 6H5
LDA 0 J MCPBA

9
L I I I

0S<
(1*0

LIY

4 . A t te m p te d  P r e p a r a t i o n  o f  XXXV T h ro u g h  a  R o b in so n  

A n n e l a t i o n .

B ecau se  o f  W oodw ard 's  s u c c e s s  i n  p r e p a r i n g  XLVI by  a  

R o b in so n  a n n e l a t i o n  o f  2 - m e th y lc y c lo h e x a n o n e  and  3 - b u t y n e -

76 1d io n e  seem ed a p p r o p r i a t e . '  From a n  a n a l y s i s  o f  t h e  H-NMR
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5 . P r e p a r a t i o n  o f  C rude  t r a n s - k e t a l  LV.

A t r a n s p o s i t i o n  o f  t h e  d o u b le  bond  i n  L was a c c o m p l i s h e d

by  l i th iu m /a m m o n ia  r e d u c t i o n  o f  L t o  t r a n s - k e t a l  LVI T h i s

compound was s e l e n e n y a t e d  an d  d e h y d r o s e l e n e n y a t e d  u s i n g  t h e
71p r o c e d u r e  o f  R e ic h  and  c o - w o r k e r s .  ^ TLC i n d i c a t e d  t h e  f o r ­

m a t io n  o f  LV, ( e q  1 6 ) ,  a l o n g  w i t h  s t a r t i n g  m a t e r i a l  (L) . The

f o r m a t i o n  o f  L from  LVI i n d i c a t e s  t h a t  t h e  e n o l a t e  g e n e r a t e d
1

from  LVI was n o t  g e n e r a t e d  r e g i o s p e c i f i c a l l y . H-NMR i n d i ­

c a t e d  t h e  f o r m a t i o n  o f  t h e  new enone  s y s te m  i n  LV a lo n g  w i t h  

s t a r t i n g  L, ( e q  1 6 ) .  T h i s  m ethod  d i d  n o t  a p p e a r  p r a c t i c a b l e  

f o r  l a r g e  s c a l e  s y n t h e s i s ,  so  i t  a l s o  was a b a n d o n e d .

6. Attempted Preparation of Michael Adduct LVII.

C rude  d ie n o n e  k e t a l  L I an d  t e r t - b u t y l  a c e t o a c e t a t e  L V I I I , ( e q  17) 

w ere  t r e a t e d  w i t h  a  c a t a l y t i c  am ount o f  p o t a s s iu m  t e r t - b u t o x i d e  

i n  t - b u t y l  a l c o h o l  i n  o r d e r  t o  e f f e c t  a  M ic h a e l  r e a c t i o n  a t
i

t h e  £  d o u b le  b o n d . A f t e r  72 h a t  80°C no r e a c t i o n  was 
1

o b s e r v e d .  H-NMR showed o n ly  t h e  p r e s e n c e  o f  s t a r t i n g  m a t e r i a l .

K e t a l  L I  p r o b a b ly  s u f f e r s  s e v e r e  s t e r i c  c ro w d in g  b e tw e e n  

t h e  k e t a l  g ro u p  an d  t h e  t e r t - b u t y l  s i d e  c h a i n  i n  L V III  

w h ich  p r e v e n t s  t h e  f o r m a t i o n  o f  L V I I , ( e q  1 7 ) .
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7. Synthes is  o f  c i s - A ^ -3 -o c ta lon e  XXXVII.

D a n i s h e f s k y  and  K i t a h a r a  have  r e c e n t l y  i n t r o d u c e d  a
77D i e l s - A l d e r  d ie n e  w h ich  p e r m i t s  t h e  s y n t h e s i s  o f  XXXVII, ' '

t h e  f i n a l  s y n th o n  t h a t  was e x p e c t e d  t o  make a  s u i t a b l e  i n t e r ­

m e d ia te  t o  b u i l d  a  t r i c y c l i c  s t r u c t u r e .  The p r i n c i p l e s  t h a t

X and  Y i n  t h e  d ie n e  com ponent s h o u ld  a l l o w  f o r  h ig h  r e a c ­

t i v i t y  and  h i g h  o r i e n t a t i o n a l  s p e c i f i c i t y  w i t h  u n s y m m e tr ic a l  

and  u n a c t i v a t e d  d i e n o p h i l e s .  To a c c o m p l i s h  t h i s  Y s h o u ld  be 

a n  e l e c t r o n  w i th d r a w in g  g ro u p ,  X s h o u ld  be s u i t a b l e  f o r  c o n ­

v e r s i o n  from  a n  e n o l  e t h e r  t o  a  c a r b o n y l ,  an d  Z s h o u ld  be 

c a p a b le  o f  e n t e r i n g  i n t o  a  p - e l i m i n a t i o n .  Thus a f t e r  h y d ro ­

l y s i s  o f  t h e  i n i t i a l  D i e l s - A l d e r  p r o d u c t  w i t h  a c i d  i t  s h o u ld  

be  p o s s i b l e  t o  p ro d u c e  a n  enone  s y s te m  a s  i n  Scheme IV.

D a n i s h e f s k y  u s e s  a r e  o u t l i n e d  i n  Scheme IV. ^

*

Scheme i v " ^
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I n  t h e  e v e n t  D a n i s h e f s k y  and  K i t a h a r a ^ 8 w ere  i n d e e d  a b l e  t o
A

s y n t h e s i z e  c i s -  a . - 3 - o c t a l o n e  XXXVII a s  i l l u s t r a t e d  i n  eq  18.

The d ie n e  co m ponen t,  t r a n s - l - m e t h o x y - 3 - t r i m e t h y l s i l y l o x y - l , 3 -

b u t a d i e n e  LIX was s y n t h e s i z e d  by  v in y lo g o u s  s i l y l a t i o n  o f  t h e

c o m m e rc ia l ly  a v a i l a b l e  t r a n s - 4 - m e th o x y - 3 - b u te n - 2 - o n e  LX
77u s i n g  z in c  c h l o r i d e  an d  t r i e t h y l a m i n e , ( e q  1 9 ) .  2 -M e th y l -

2 -c y c lo h e x e n o n e  LXI was s y n t h e s i z e d  by c h l o r i n a t i o n  o f  LXII w i t h  

s u l f u r y l  c h l o r i d e  and  t h e n  d e h y d r o c h l o r i n a t i o n  w i t h  c o l l i d i n e  

a t  150°C , ( e q  2 0 ) . ^  I n  s m a l l  s c a l e  e x p e r im e n t s  t h e  y i e l d  o f  

t h e  o c t a l o n e  XXXVII was 'bu t i n  l a r g e  s c a l e  e x p e r im e n t s

t h e  y i e l d  was o n ly  2 0 -3 8 $ ,  The l a r g e  s c a l e  r e a c t i o n s  w ere 

r u n  f o r  48 h  r a t h e r  t h a n  t h e  r e p o r t e d  24 h . ^ 8 U s in g  a  s o l v e n t  

su c h  a s  p - x y l e n e  d i d  n o t  im prove  t h e  y i e l d .  A c a t a l y t i c  

am ount o f  h y d ro q u in o n e  was u s e d  t o  s t a b i l i z e  t h e  d ie n e  com­

p o n e n t .  U s in g  t h i s  m ethod  r e l a t i v e l y  l a r g e  am oun ts  (1 0 -2 0  g) 

o f  t h e  o c t a l o n e  XXXVII c o u ld  be s y n t h e s i z e d .  W ith  a  s u i t a b l e  

p r e c u r s o r  now i n  h a n d ,  t h e  s y n t h e s i s  t u r n e d  t o  t h e  t a s k  o f  

a n n e l a t i n g  th e  t h i r d  r i n g  o n to  o c t a l o n e  XXXVII.
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B. S y n t h e s i s  o f  t h e  Key T r i c y c l i c  I n t e r m e d i a t e  1 3 -M e th y l-  

3»it '» 5 » 6 ,7 >8 ,9 » 1 0 l l l >1 2 ,1 3 - u n d e c a h y d r o - 3 , 7 - p h e n a l e n e -

A l o g i c a l  a p p r o a c h  t o  d io n e  L X I I I ,  ( e q  2 1 ) ,  w ould  i n v o lv e

a  M ic h a e l  r e a c t i o n  a t  t h e  p p o s i t i o n  o f  t h e  enone  s y s te m  i n

o c t a l o n e  XXXVII f o l l o w e d  by a n  i n t r a m o l e c u l a r  c o n d e n s a t i o n

a t  Cg. What was n e e d e d  was a  t h r e e  c a r b o n  s y n th o n  t h a t  c o u ld

add  u n d e r  b a s i c  c o n d i t i o n s  t o  t h e  enone  s y s te m .  A l l y l i d e n e -

t r i p h e n y l p h o s p h o r a n e s  a r e  known t o  add  from  t h e  t h e  y p o s i t i o n

o f  t h e  y l i d  t o  t h e  p c a r b o n  atom  i n  enone s y s te m s  an d  t h e n

s u f f e r  a n  i n t r a m o l e c u l a r  W i t t i g  c o n d e n s a t i o n  w i t h  t h e  now
81s a t u r a t e d  k e t o n e . The p r i n c i p l e  i s  i l l u s t r a t e d  i n  Scheme V 

w here a l l y l i d e n e t r i p h e n y l p h o s p h o r a n e  LXIV a d d s  i n  a  c o n j u g a t e
OA

f a s h i o n  and  fro m  t h e  y p o s i t i o n  o f  t h e  y l i d  t o  m e s i t y l  o x id e .

80d io n e  L X I I I , a  F u n c t i o n a l i z e d  1 3 -M e th y lp h e n a le n e  

I n t e r m e d i a t e .

LXIV

Scheme V
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This approach allows formation of cyclohexadienes in mod­
erate yields. Extrapolating this method to octalone XXXVII, 
allylidenetriphenylphosphorane LXIV would he expected to add 
in an analogous manner to octalone XXXVII and then cyclize by 
Wittig condensation at C g .  The Wittig reaction was not 
expected to occur at (Scheme VI, path b) because this 
would result in the formation of a bridgehead double bond 
and a very strained cyclohexadiene, whereas reaction at Cg 
(Scheme VI, path a) would be expected to produce a less 
strained system. In the event that no choice is possible in
the intramolecular Wittig condensation, formation of bridge-

810head olefins has been noted by Dauben. The approach 
utilizing octalone XXXVII is illustrated in Scheme VI.

XXXVII LXIV
----------    a

Scheme VI
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I n  t h e  e v e n t  t h e  o c t a l o n e  XXXVII was t o t a l l y  u n r e a c t i v e  w i th

t h e  y l i d  LXIV. T h e r e f o r e ,  a  d i f f e r e n t  t h r e e  c a r b o n  s y n th o n

w ould  have  t o  be u s e d .

D a n i s h e f s k y  an d  M ig d a lo f  r e p o r t e d  a n  i n t e r e s t i n g  c y c l i z a -

t i o n  r e a c t i o n  u s i n g  t e r t - b u t y l  a c e t o a c e t a t e  L V III  an d  an  
82enone s y s te m . The c o n d e n s a t i o n  and  c y c l i z a t i o n  a r e  shown 

i n  Scheme V I I .

lO O ^H c,

L V III

HOAc

p - t o s i c  a c i d

K O ^ C ^

Scheme V II

T h i s  r e a c t i o n  c a n  be s e e n  a s  a  M ic h a e l  r e a c t i o n  o f  t h e  

e s t e r  on t h e  enone  s y s te m ,  and  t h e n  s u b s e q u e n t  c y c l i z a t i o n .  

T h i s  s t r a t e g y  c a n  be a p p l i e d  t o  o c t a l o n e  XXXVII t o  o b t a i n  a  

f u n c t i o n a l i z e d  t r i c y c l i c  i n t e r m e d i a t e .

T r e a tm e n t  o f  o c t a l o n e  XXXVII w i t h  t e r t - b u t y l  a c e t o a c e t a t e  

L V III  and  a  c a t a l y t i c  am ount o f  p o t a s s iu m  t e r t - b u t o x i d e  i n  

t - b u t y l  a l c o h o l ,  ( e q  2 1 ) ,  c l e a n l y  p ro d u c e d  t h e  e s t e r  LXV i n
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£>5-75% y i e l d  a s  a  c r y s t a l l i n e  s o l i d  a f t e r  work u p .  The k ey

t r i c y c l i c  compound L X I I I  was t h e n  o b t a i n e d  by t r e a t m e n t  o f

e s t e r  LXV w i t h  a  c a t a l y t i c  am ount o f  p - t o l u e n e s u l f o n i c  a c i d

i n  g l a c i a l  a c e t i c  a c i d  a t  80°C f o r  2 . 5 - 3 - 5  h ,  e s s e n t i a l l y
82a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  D a n i s h e f s k y  an d  M ig d a l o f .

T r i c y c l e  L X II I  was o b t a i n e d  c o n s i s t e n t l y  i n  4 0 -4 5 $  y i e l d  

a f t e r  p u r i f i c a t i o n  by s i l i c a  g e l  c h ro m a to g ra p h y .  T h i s  c r y s t ­

a l l i n e  compound gave  a n  e l e m e n t a l  a n a l y s i s  a n d ' s p e c t r o s c o p i c  

d a t a  c o n s i s t e n t  w i t h  t h e  p r o p o s e d  s t r u c t u r e .  F o r m a l ly  t h e  

r e a c t i o n s  t h a t  o c c u r r e d  w ere a n  a l d o l  c o n d e n s a t i o n  w i t h  l o s s  

o f  w a t e r ,  an  e s t e r  h y d r o l y s i s ,  an d  a  d e c a r b o x y l a t i o n .

F u r t h e r  e l u t i o n  o f  t h e  s i l i c a  g e l  co lum n a f f o r d e d  

t h e  t r i c y c l i c  a l c o h o l  LXVI i n  2 0 -2 2 $  y i e l d ,  w h ich  was fo rm ed  

by a n  a l d o l  c o n d e n s a t i o n  a t  t h e  "wrong" c a r b o n y l  g r o u p .  The 

e l e m e n t a l  a n a l y s i s  and  s p e c t r a l  d a t a  w ere  i n  c o m p le te  a g r e e ­

m ent w i t h  t h e  a s s i g n e d  s t r u c t u r e .  The s t e r e o c h e m i s t r y  o f  

t h e  b r id g e h e a d  a l c o h o l  was n o t  d e t e r m in e d .



C. S y n t h e s i s  o f  1 3 - M e t h y l - 5 » 8 , 9 , 1 0 , l l , 1 2 , 1 3 - h e p t a h y d r o -  

p h e n a le n e  L X V II. ^

W ith  u s e f u l  q u a n t i t i e s  o f  t h e  t r i c y c l i c  e n e d io n e  L X III  

now i n  h a n d , t h e  n e x t  p h a se  i n  t h e  s y n t h e s i s  i n v o l v e d  t h e  

c o n v e r s i o n  o f  t h e  s a t u r a t e d  k e to n e  and  t h e  a , p - u n s a t u r a t e d  

k e to n e  i n t o  o l e f i n  g r o u p s .  T h e re  a r e  a  number o f  m e th o d s  

a v a i l a b l e  t o  t h e  s y n t h e t i c  o r g a n i c  c h e m is t  t o  b r i n g  a b o u t  

t h i s  t r a n s f o r m a t i o n .  T hese  m e th o d s  i n c l u d e :  1 . F o r m a t io n  o f  

t h e  t o s y l h y d r a z o n e  an d  t h e n  t r e a t m e n t  w i t h  a n  a l k y l l i t h i u m  t o  

fo rm  t h e  o l e f i n .  2 .  F o r m a t io n  o f  t h e  t o s y l h y d r a z o n e  and  

t h e n  t r e a t m e n t  w i t h  l i t h i u m  h y d r i d e  t o  fo rm  t h e  o l e f i n .

3 .  F o r m a t io n  o f  a n  e n o l  p h o s p h a te  an d  t h e n  r e d u c t i v e  c l e a v a g e  

w i t h  l i t h i u m  i n  a n  o r g a n i c  a m in e .  R e d u c t io n  o f  t h e  c a r b o n y l  

g r o u p ( s )  w i t h  sodium  b o r o h y d r id e  o r  o t h e r  h y d r id e  r e a g e n t ,  

and  c o n v e r s i o n  o f  t h e  a l c o h o l  t o  t h e  o l e f i n  by d e h y d r a t i o n ,  

o r  c o n v e r s i o n  t o  t h e  m e s y l a t e ,  t o s y l a t e ,  o r  h a lo g e n  compound 

an d  t r e a t m e n t  w i t h  b a s e .  E ach  o f  t h e s e  m e th o d s  h a s  b e e n  

i n v e s t i g a t e d  w i t h  t r i c y c l e  L X III  an d  i s  d i s c u s s e d  i n  t h e  

f o l l o w i n g  s e c t i o n s .

1 . A t te m p te d  S y n t h e s i s  o f  T r i e n e  LXVII T hrough  B i s - t o s y l -  

h y d ra z o n e  L X V II I .

S h a p i r o  and  H e a th  r e p o r t e d  t h e  s y n t h e s i s  o f  o l e f i n s  from  

s a t u r a t e d  c y c l o a l k a n o n e s  by  t r e a t m e n t  o f  t h e  t o s y l h y d r a z o n e
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w i t h  a n  a l k y l l i t h i u m  r e a g e n t . 84b T h i s  a p p ro a c h  i s  i l l u s t r a t e d
84bi n  eq  22 an d  t h e  p r o p o s e d  m echanism  i s  i l l u s t r a t e d  i n  eq  2 3 .

c y

T sNHNHr NNHTs RLi
( 2 2 )

T * *L l
/ V ^ N - N - T |

U n i m

-T s

-RH

N=NLi+

-N, i r  ( 2 3 )

h20 Dr s o l v e n t

An e x t e n s i o n  o f  t h i s  m ethod  h a s  b e e n  r e p o r t e d  by  S h a p i r o
02i,p

and  c o - w o r k e r s .  T h i s  i n v o l v e s  f o r m a t i o n  o f  d ie n e  s y s te m s  

from  a , P - u n s a t u r a t e d  t o s y l h y d r a z o n e s ,  ( e q  2 4 ) .

1 .  TsNHNHr

2 . RLi
(2 4 )

S in c e  t h i s  m ethod  w orks  w i t h  s a t u r a t e d  a s  w e l l  a s  u n s a t u r a t e d  

k e t o n e s  i t  seem ed a  good a p p r o a c h  t o  t r y  w i t h  e n e d io n e  L X I I I , 

w h ich  c o n t a i n s  a  s a t u r a t e d  a s  w e l l  a s  u n s a t u r a t e d  k e t o n e .



VO

HO
LXXI

NaBH,

EtOH

( 2 9 )
KHSOi

o r

1 .  Ms

, r 2 .  D1
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LXXI I

H-

HO"

N N H -T s

LX V III

TsNHNII

LDA/
c i p ( o ) ( oc2h <) 2

(c 2h so ) p
H L X I I I H LXIX

LiA lH

170°C

LXVII

( 2 8 )
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( 3 1 )
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The p r e p a r a t i o n  o f  b i s - t o s y l h y d r a z o n e  LXVIII was a t t e m p t e d
8k

u s i n g  s t a n d a r d  p r o c e d u r e s .  U nder a  v a r i e t y  o f  c o n d i t i o n s  

no i s o l a t e d  LXVIII c o u ld  be  o b t a i n e d .  = TLC- '• 

e x a m i n a t io n  o f  t h e  r e a c t i o n  m ix tu r e  i n d i c a t e d  a  num ber o f  

com pounds, i n  a d d i t i o n  t o  s t a r t i n g  m a t e r i a l .  I n  f a c t  t h e  

r e a c t i o n  m ix tu r e  seemed s e n s i t i v e  t o  a c i d .  When a  c a t a l y t i c  

am ount o f  a c i d  (o n e  d ro p  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d )  

was i n t r o d u c e d  t o  t h e  m ix tu r e  o f  L X III  an d  r e c r y s t a l l i z e d  

p - t o l u e n e s u l f o n y l h y d r a z i d e  i n  e t h a n o l  o r  m e th a n o l ,  t h e  r e a c t i o n  

m ix tu r e  s lo w ly  d a rk e n e d  upon  s t a n d i n g  a t  a m b ie n t  t e m p e r a t u r e  

f o r  a  few  h o u r s ,  an d  d a rk e n e d  r a p i d l y  when t h e  m ix tu r e  was 

r e f l u x e d .  No r e a c t i o n  o c c u r r e d  when a c i d  was n o t  a d d e d .  I n  

any  c a s e  t h e  c r u d e  p r o d u c t s  when t r e a t e d  w i t h  e x c e s s  m e th y l -  

l i t h i u m  i n  e t h e r  f a i l e d  t o  p ro d u c e  any  c h a r a c t e r i z a b l e  

p r o d u c t s  ( e q  2 5 ) .

2 .  A t te m p te d  F o r m a t io n  o f  T r i e n e  LXVII t h r o u g h  B i s - t o s y l ­

h y d ra z o n e  LXVIII and  T r e a tm e n t  w i t h  L i th iu m  H y d r id e .

C a g l i o t i  an d  c o - w o r k e r s  have  r e p o r t e d  t h e  s y n t h e s i s  o f

1 , 3 - d i e n e s  by t r e a t m e n t  o f  t o s y l h y d r a z o n e s  o f  a , P - u n s a t u r a t e d  

k e t o n e s  w i t h  l i t h i u m  h y d r i d e  i n  t o l u e n e ,  ( eq  2 5 ) . ^  U s in g  t h i s  

a p p ro a c h  on t h e  c r u d e  ( s u p p o s e d )  b i s - t o s y l h y d r a z o n e  L X V II I , 

no o l e f i n  c o u ld  be d e t e c t e d  .in  t h e  r e a c t i o n  m i x t u r e .  I t  

a p p e a r e d  t h a t  no b i s - t o s y l h y d r a z o n e  was fo rm ed  i n i t i a l l y .



1 .  r T-sNHNH.

1

(26)

Ac

3- A t te m p te d  F o r m a t io n  o f  T r i e n e  LXVII T hrough  B is - e n o l -  

p h o s p h a te  LXIX.

O l e f i n s  have  b e e n  p r e p a r e d  from  k e t o n e s  by  f o r m in g  th e

e n o l a t e  a n i o n  w i t h  l i t h i u m  d i i s o p r o p y l a m i d e  (LDA) and  t r a p p i n g

th e  e n o l a t e  w i t h  d i e t h y l  c h l o r o p h o s p h a t e . The e n o l  p h o s p h a te

i s  r e d u c t i v e l y  c l e a v e d  w i t h  l i t h i u m  i n  ammonia o r  e t h y l -  
86 87am in e ,  ( e q  2 7 ) .  ’ U n f o r t u n a t e l y ,  t h e r e  a r e  no r e p o r t s  o f

t h i s  p r o c e d u r e  b e i n g  u s e d  on a , p - u n s a t u r a t e d  k e t o n e s  w h ich  

w ould  fo rm  a  d ie n e  s y s te m .  The t r i c y c l i c  e n e d io n e  L X III  

was t h e n  s u b j e c t e d  t o  t h i s  r e a c t i o n  s e q u e n c e ,  ( e q  2 8 ) .

2 .  ( E t 0 ) 2P0(ft
1 . LDA

( E t 0 ) 2 (0 )P 0XH

Li/E tN H (27) 86b
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T r i c y c l i c  e n e d io n e  L X III  was t r e a t e d  w i t h  l i t h i u m  d i i s o -  

p ro p y la m id e  i n  THF. The t r i e n e d i o l a t e  d i a n i o n  was t h e n  

t r a p p e d  w i t h  e x c e s s  d i e t h y l  c h l o r o p h o s p h a t e . '•,TLC/.UIR,'. 'alnd 

H-NMR i n d i c a t e d  t h e  f o r m a t i o n  o f  t h e  d e s i r e d  b i s - e n o l  p h o s ­

p h a te  LXIX a lo n g  w i t h  u n ch an g ed  s t a r t i n g  m a t e r i a l ,  ( e q  2 8 ) .

The b i s - e n o l  p h o s p h a te  LXIX was t r e a t e d  w i th  l i t h i u m  i n
86 87e th y la m in e  o r  ammonia. ' No p r o d u c t s  w i th  the  d e s i r e d

1s t r u c t u r e  ( LXVII) c o u ld  be d e t e c t e d .  H-NMR r e v e a l e d  t h a t  o v e r  

r e d u c t i o n  had  o c c u r r e d  b e c a u s e  no v i n y l i c  s i g n a l s  c o u ld  be 

d e t e c t e d .  When t h e  amount o f  l i t h i u m  was r e d u c e d  ( f ro m  f i v e  

e q u i v a l e n t s  p e r  p h o s p h a te  g ro u p  t o  two e q u i v a l e n t s  p e r  p h o s ­

p h a te  g ro u p )  no r e a c t i o n  o c c u r r e d .  T hese  r e s u l t s  f o r c e d  

abandonm ent o f  t h i s  a p p r o a c h .

F o r m a t io n  o f  T r i e n e  LXVII t h r o u g h  d i o l  LXX.

T r i c y c l i c  e n e d io n e  L X III  was t r e a t e d  w i t h  e x c e s s  sodium

b o r o h y d r id e  i n  9 5% e t h a n o l  f o r  0 .5  h a t  0-5°C and  f o r  0 .5  h

a t  a m b ie n t  t e m p e r a t u r e .  A f t e r  h y d r o l y s i s  o f  t h e  b o r a t e  e s t e r

w i t h  10$ a c e t i c  a c i d  and  e x t r a c t i o n  i n t o  e t h e r ,  t h e  h y d ro x y

enone LXXI was i s o l a t e d  a s  a  m ix tu r e  o f  i s o m e rs  i n  q u a n t i t a t i v e

y i e l d ,  ( e q  2 9 ) .  The f a c t  t h a t  t h e  r e d u c t i o n  h ad  o c c u r r e d  o n ly

a t  t h e  c y c lo h e x a n o n e  c a r b o n y l  c o u ld  be i n f e r r e d  from  t h e  s t r o n g
-1IR a b s o r p t i o n  a t  1670  cm7 w h ich  i n d i c a t e d  t h e  p r e s e n c e  o f  an

a , f 3 - u n s a t u r a t e d  k e t o n e .  T h i s  r e s u l t  w i t h  sod ium  b o r o h y d r id e
8ftm im ics  t h a t  o f  Boyce and  W h i t e h u r s t ,  who o b t a i n e d  a  s i m i l a r
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result in the reduction of the Wieland-Miescher ketone, (eq 30).

Hydroxy enone LXXI was mesylated with methanesulfonyl 
chloride in dry dimethoxyethane (DME) or THF with dry triethyl-

(^.3.0)non-5-ene (DBN) or 1,8-diazabicyclo(5 0)undec-7-ene

gave the dienone LXXII in moderate yield (ca.40% from LXXI), (eq 29).

protons. The elimination reaction with potassium tert-hutox- 
ide in t-butyl alcohol proceeded much more slowly. The products 
from this reaction were the desired dienone LXXII and the 
tert-butoxy compound LXXIII. It is possible that a trans 
diaxial conformation is difficult to attain in LXXI and its 
mesylate; therefore, p-elimination would be difficult.

NaBH (30)

XLVI I

89amine. 7 The crude mesylate was treated with 1,5-diazabicyclo-

(DBU) at ambient temperature, usually for a few hours.This

1The H-NMR spectrum revelaed the presence of three vinylic

t

LXXIII

Further, the dienone LXXII could be obtained in better yield
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( c a .  80%) by t r e a t m e n t  o f  h y d ro x y  enone  LXXI w i t h  p o ta s s iu m  

b i s u l f a t e ^ 1 a t  150°C ( 0 .2 5  mm) i n  a  t y p i c a l  E l  r e a c t i o n , ^ 2 

(e q  2 9 ) .

Tricyclic enedione L X II I  was treated with lithium aluminum 
hydride (LAH) in dry ether to produce the tricyclic diol LXX. 

The yield was between 75-85% , after isolation by continuous 
extraction for at least 2^ h, (eq 3 1)- The formation of the 
diol LXX again parallels the results obtained by Boyce and 
Whitehurst^ who obtained a diol of the Wieland-Miescher 
ketone by treatment with LAH, (eq 3 2 ) .

a t  170°C ( 2 . 5  mm) w h ich  a f f o r d e d  61.3% o f  a  two com ponent 

m ix tu r e  a f t e r  d i s t i l l a t i o n .  The m ix tu r e  was s e p a r a t e d  by 

p r e p a r a t i v e  TLC y i e l d i n g  38.2% o f  t h e  d e s i r e d  t r i c y c l i c  t r i e n e  

LXVII and  10.2% o f  h y d ro x y  d ie n e  LXXIV, ( e q  3 1 ) .  Hydroxy 

d ie n e  LXXIV c o u ld  be r e c y c l e d  t o  t r i e n e  LXVII by  t r e a t m e n t  w i t h  

p o ta s s iu m  b i s u l f a t e .

XLVI I

(32 )

91T r i c y c l i c  d i o l  LXX was t r e a t e d  w i t h  p o ta s s iu m  b i s u l f a t e 7

LXXIV
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The ''’H-NMR s p e c t ru m  (60  MHz) o f  t r i c y c l i c  t r i e n e  LXVII 

i s  shown i n  F ig u r e  10 . The s p e c t ru m  i s  f u l l y  c o n s i s t e n t  w i t h  

t h e  a s s i g n e d  s t r u c t u r e .

S in c e  t r i e n e  LXVII c o u ld  d e h y d r a t e  i n  a  n o n - r e g i o s p e -  

c i f i c  m anner t o  LXVIIa  o r  LXVIIh ,  t h e  ^C-NMR s p e c t ru m  o f  

LXVII was d e te r m in e d  i n  t h e  e x p e c t a t i o n  t h a t  i t  m ig h t  p r o ­

v i d e  i n f o r m a t i o n  c o n c e r n in g  t h e  d i r e c t i o n  o f  e l i m i n a t i o n .

LXVIIbLXVIIa

11The p r o t o n  d e c o u p le d  C-NMR s p e c t ru m  o f  t r i e n e  LX V II,

( F i g u r e  1 1 ) ,  showed e i g h t  a l i p h a t i c  c a r b o n s  from  6 2 0 .5 8 -

4 4 .4 0  ppm (TMS i n t e r n a l  s t a n d a r d ) .  T h e re  w ere f i v e  o l e f i n i c

c a r b o n s  from  6 1 2 3 . 7 0  -  143•58  ppm. The o l e f i n i c  c a r b o n

r e s o n a n c e  a t  6 1 2 4 .1 4  ppm was a p p r o x i m a t e l y  d o u b le  t h e

i n t e n s i t y  o f  t h e  o t h e r  o l e f i n i c  s i g n a l s  w h ich  may mean t h a t

t h e r e  were two c a r b o n  s i g n a l s  a t  6 1 2 4 .1 4  ppm. The sp e c t ru m

was r e t a k e n  i n  t h e  g a t e d  d e c o u p le d  mode w i t h  n u c l e a r  O v e rh a u s e r

e f f e c t ,  ( F i g u r e  1 2 ) .  When t h i s  was done t h e  p r e s e n c e  o f  two

c a r b o n s  c o u ld  be i n f e r r e d  from  t h e  o v e r l a p p i n g  s e t  o f  d o u b l e t s  
13 1( C- H c o u p l i n g ) .  T h e r e f o r e ,  t h e r e  a r e  s i x  o l e f i n i c  c a r b o n s  

i n  a g re e m e n t  w i t h  t h e  s t r u c t u r e  o f  L X V II.

The p o s i t i o n  o f  t h e  d o u b le  bond  i n  LXVII i s  s t i l l  i n  d o u b t .
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I n  LXYIIa  C  ̂ i s  h i s - a , H y l i c . The a l i p h a t i c  c a r b o n  r e s o n a n c e  

i n  1 , 4 - c y c lo h e x a d ie n e  a p p e a r s  a t  6 2 6 . 0  ppm; h ow ever  t h e  

a l l y l i c - b e n z y l i c  c a r b o n  i n  LXXV a p p e a r s  a t  6 3 9 -6  ppm. J

L XXV

U n f o r t u n a t e l y  no c l e a r  c u t  d e c i s i o n  r e g a r d i n g  t h e  p o s i t i o n  o f  

t h e  d o u b le  bond  i n  LXVII c a n  bo made a t  t h i s  t i m e .

A l th o u g h  t h e  s y n t h e s i s  o f  1 3 - m e th y lp h e n a le n e  X X III  h a s  

n o t  y e t  b e e n  a c h i e v e d ,  t h e  s y n t h e s i s  o f  t r i c y c l i c  t r i e n e  LXVII 

p u t s  t h i s  g o a l  w e l l  w i t h i n  r e a c h .
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Chapter Three

Experimental Section
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1. P r e p a r a t i o n  o f  l - M e t h o x y - 5 - m e t h y l - l , 4 —c y c l o h e x a d i e n e  

X L I , 58

A 2 L t h r e e  n e c k e d  r o u n d  b o t to m e d  f l a s k ,  f i t t e d  w i t h  an  

a l l  g l a s s  m e c h a n i c a l  s t i r r e r ,  250 mL d r o p p i n g  f u n n e l ,  n i t r o g e n  

i n l e t ,  and  d r y  i c e  c o n d e n s e r ,  was c h a r g e d  w i t h  a p p r o x i m a t e l y  

1 L o f  d r y  l i q u i d  ammonia.  A s o l u t i o n  o f  2 0 .5 0  g ( 0 . 1 6 8  

m ole )  o f  m - m e t h y l a n i s o l e  XL i n  7 1 -52  g ( 1 - 5 5  m o le )  o f  a b s o l u t e  

e t h a n o l  was ad d ed  o v e r  0 . 5  h t o  t h e  l i q u i d  ammonia m a i n t a i n e d  

a t  -70°C.  Sodium ( 2 3 - 6 9  g ,  1 .0 3  m o le )  was ad d ed  t o  t h e  r a p i d l y  

s t i r r e d  s o l u t i o n  i n  s m a l l  p i e c e s .  A f t e r  t h e  a d d i t i o n  t h e  

m i x t u r e  was r e f l u x e d  f o r  1 . 5  h a f t e r  w h ich  t im e ,  t h e  b l u e  c o l o r  

d i s a p p e a r e d .  The ammonia was a l l o w e d  t o  e v a p o r a t e  o v e r n i g h t .  

E t h e r  (600  mL) and  s a t u r a t e d  sodium c h l o r i d e  (300  mL) were 

a d d e d .  The l a y e r s  were  s e p a r a t e d  and  t h e  a q u e o u s  l a y e r  was 

e x t r a c t e d  w i t h  a  f u r t h e r  250  mL o f  e t h e r .  The combined  e t h e r  

e x t r a c t s  were  washed  w i t h  w a t e r ,  d r i e d  (MgSO^), and  c o n c e n t r a t e d  

i n  v a c u o .  D i s t i l l a t i o n  o f  t h e  r e s i d u e  a f f o r d e d  17-3859  g 

( 8 3 - W  o f  XLI.  bp  5 5 - 5 6 ° C (13 mm), ( l i t . 58 bp  l6 8 -1 7 0 °C  

(760  mm)); I R ( n e a t )  ; 3080 ,  3020,  2990 ,  1680, 164-0, 14-80, 14-4-0, 

1220, 1110,  1020 c m . -1

NMFKCCl^) ; 6 I .67  ( s  w i t h  f i n e  s p l i t t i n g ,  3H),  2 . 6  (m, 4-H),

3-4-8 ( s ,  3H),  4-.52 (m, 1H), 5-33  (m, 1H).
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2.  P r e p a r a t i o n  o f  1 , l - D i m e t h o x y - 3 - m e t h y l - 3 - c y c l o h e x e n e  X L I I :

A 500 mL r o u n d  b o t to m e d  f l a s k  was c h a r g e d  w i t h  1 4 . 7 4  g 

( 0 . 1 1  m ole )  o f  l - m e t h o x y - 5 - m e t h y l - l , 4 - c y c l o h e x a d i e n e  X L I , 160 

mL o f  a b s o l u t e  m e t h a n o l ,  and  5*2 mg o f  p - t o l u e n e s u l f o n i c  a c i d .

The s o l u t i o n  was s t i r r e d  o v e r n i g h t  a t  a m b i e n t  t e m p e r a t u r e .

The s o l u t i o n  was p o u r e d  o n to  200 mL o f  s a t u r a t e d  sodium b i c a r ­

b o n a t e  and  e x t r a c t e d  w i t h  e t h e r  (2x200  mL). The e t h e r  was 

d r i e d  (MgSO^) and  c o n c e n t r a t e d  i n  v a c u o .  D i s t i l l a t i o n  o f  

t h e  r e s i d u e  a f f o r d e d  t h e  unknown k e t a l  X L I I , 1 3 -0 6  g ( 7 5 - 4 $ ) .  

bp  63-66°C (12  mm): I R ( n e a t ) :  3050 ,  3030 ,  2980, 2835.  l 6 ? 0 ,

1460,  1430, 1 3 6 0 , 1 3 1 0 , 1 2 7 0 , 1245, 1 1 6 0 , 1 0 7 0 , 850 cm ." 1 

NMR(CCl^); 6 1 . 5 - 2 . 2  (m, 9 H ) , 3 -1 2  ( s ,  6h ) , 5 -3  (m, 1H).

3 .  P r e p a r a t i o n  o f  3 - M e t h y l - 3 ~ c y c l o h e x e n o n e  XXXIX: ^

A I L  f l a s k  was c h a r g e d  w i t h  2 2 .6 7  g ( 0 . 1 4 5  m ole )  o f  1 , 1 -  

d i m e t h o x y - 3 - m e t h y l - 3 - c y c l o h e x e n e  X L I I , 300 mL o f  THF, and  300 

mL o f  1% HC1. The m i x t u r e  was s t i r r e d  f o r  1 h a t  0 -5°C .

The m i x t u r e  was c a r e f u l l y  p o u r e d  o n to  c o l d  s a t u r a t e d  sodium 

b i c a r b o n a t e  (500  mL) an d  e x t r a c t e d  w i t h  e t h e r  (300  mL). The 

e t h e r  was d r i e d  (MgSO^) and  c o n c e n t r a t e d  i n  v a c u o .  D i s t i l l a t i o n  

o f  t h e  r e s i d u e  a f f o r d e d  1 3 -02  g ( 8 1 . 6 $ )  o f  XXXIX. bp 53~55°C 

(12  mm), ( l i t . - ^  bp  70°C (1 8  mm)).

I R ( C C l ^ ) ; 3 0 40 ,  2970 ,  2930,  2850 ,  1710,  I 6 5 0 , 1440 cm. " 1 

NMR(CCl^); 6 1 -7 2  (m, 3 H ) , 2 . 3 2  (m, 4 h ) , 2 . 6 7  (m, 2 H ) , 5 - 6  (m, 1 H ) .
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4 .  P r e p a r a t i o n  o f  D im e th y l  3 - M e t h o x y a l l y l i d e n e m a l o n a t e  
XLVl5 7 ,6 0

A 500 mL t h r e e  n e c k e d  r o u n d  b o t t o m e d  f l a s k  e q u i p p e d  w i t h  

a  m a g n e t i c  s t i r r e r ,  n i t r o g e n  i n l e t ,  c o n d e n s e r ,  an d  d r o p p i n g  

f u n n e l  was c h a r g e d  w i t h  0 .3 5 5 9  g o f  a n h y d r o u s  z i n c  c h l o r i d e ,

115 mL o f  a c e t i c  a n h y d r i d e ,  and  5 7 -5 0  g ( 0 . 3 5 0  m ole )  o f  t e t r a -  

m e th o x y p ro p a n e  X L I I I ■ The m i x t u r e  was b r o u g h t  t o  r e f l u »  and  

3 7 .1 3  g ( 0 . 2 5 1  m ole )  o f  d i m e t h y l  m a l o n a t e  XLIV were  ad d ed  

d r o p w i s e .  The m i x t u r e  was r e f l u x e d  o v e r n i g h t .  The r e a c t i o n  

m i x t u r e  was d i s t i l l e d  a t  a t m o s p h e r i c  p r e s s u r e  an d  t h e n  i n  

vacuo  t o  a f f o r d  3 6 . 5 7  g ( 7 2 . 8 f o )  o f  XLV. bp  130-139°C ( 0 . 2  mm), 

( l i t . 57 bp  130-139°C ( 0 . 6 5 - 0 . 7 5  Am)).

I R ( n e a t ) ;  3 0 5 0 ,  3000 ,  1750,  1630,  1445,  1300 ,  1250 ,  1200,

1 1 0 0 , 1000  cm. " 1 

NMR was n o t  t a k e n .

5 .  P r e p a r a t i o n  o f  3 - C a r b o m e t h o x y - 2 - p y r o n e  XXXVIIIi ^7 *

A 250 mL t h r e e  n e c k e d  r o u n d  b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a  

n i t r o g e n  i n l e t ,  c o n d e n s e r ,  and  d r o p p i n g  f u n n e l  was c h a r g e d  w i t h  

55 mL o f  90 fo  f o r m i c  a c i d .  D i m e t h y l  3 - m e t h o x y a l l y l i d e n e m a l o n -  

a t e  XLV ( 2 1 . 0  g ,  0 .1 0 5  m ole )  was a d d e d  d r o p w i s e .  The r e a c t i o n  

m i x t u r e  was r e f l u x e d  f o r  1 . 2 5  h .  V o l a t i l e s  were  removed i n  

v acu o  and  t h e  r e m a i n i n g  r e s i d u e  was i m m e d i a t e l y  d i s t i l l e d  t o  

a f f o r d  9 .2 3 8 5  g ( 5 7 . lf>) o f  XXXVIII. bp  1 3 0 - l4 0 °C  ( 2 . 5  mm),
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( l i t . 57 bp  140-148°C ( 0 . 7 5  mm)).

I R ( n e a t ) ; 1775, 1710 ,  1685, 1560 ,  1230,  1100 cm . " 1 

NMRCCCl^)} 6 3 -9 2  ( s ,  3H) , 6 . 5  ( d d ,  IH^,  ^ = 5 Hz, J =

7 H z) ,  7 . 9 2  (d d ,  1HV  J ^ >5 = 5 Hz, = 2 H z) ,  8 . 3 6  ( d d ,  lHg,

J 5 , 6  = 7 H z ’ J 4 , 6  = 2 Hz>'

6 . A t t e m p t e d  P r e p a r a t i o n  o f  D i e n e d i o n e  XXXV:

A 200 mL s i n g l e  n e c k e d  r o u n d  b o t to m e d  f l a s k  e q u i p p e d  w i t h  

a  m a g n e t i c  s t i r r i n g  b a r  was c h a r g e d  w i t h  1 . 8  g ( 0 .0 1  m o le )  o f  

o c t a l i n d i o n e  XLVII^  and  2 . 8 6  g ( 0 .0 1 2 6  m ole )  o f  2 , 3 - d i c h l o r o -  

5 , 6 - d i c y a n o - l , 4 - b e n z o q u i n o n e . G l a c i a l  a c e t i c  a c i d  (5  mL) 

and  70 mL o f  d r y  b e n z e n e  were  a d d e d .  The r e a c t i o n  m i x t u r e  

was b l a n k e t e d  w i t h  n i t r o g e n  and  r e f l u x e d  f o r  41 h .  TLC 

showed some s t a r t i n g  m a t e r i a l  and  a  new compound. The f l a s k  

was c o o l e d  and  s o l i d s  were  rem oved  by f i l t r a t i o n .  The b e n ze n e  

l a y e r  was washed  w i t h  sodium b i c a r b o n a t e  (100 mL) and  w a t e r .  

A f t e r  d r y i n g  (MgSO^) and  c o n c e n t r a t i n g  i n  vacuo  t h e  r e s i d u e  

was c h r o m a to g r a p h e d  on a l u m i n a  I I  and  e l u t e d  w i t h  b e n ze n e  

and  t h e n  e t h e r .  An homogeneous o i l  (TLC) was o b t a i n e d ,

0 .8 0 2 2  g ( 4 5 - 1  %) . The y e l l o w  o i l  was c r y s t a l l i z e d  f rom  p e t r o ­

leum e t h e r / e t h e r ,  S p e c t r a l  d a t a  i n d i c a t e d  t h e  compound t o  be 

5 - m e t h y l - 8 - h y d r o x y - l - t e t r a l o n e  X L V II I^  mp 47-50°C ( l i t . ^  

4 7 - 4 8 . 5 ° C ) ;  I R ( C C l ^ ) ; 2955.  2880 ,  1 7 1 0 ( s h o u l d e r ) , 1630,  1465,  

1345, 1240 ,  1225  c m . " 1

NMR(CCli|>) ;  6 2 . 0  (m, 2H) , 2 . 1 2  ( s ,  3 H ) , 2 .5 5  (m, 4 H ) , 6 .5 5
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( d ,  1H, J  = 8 H z ) ,  7 . 0 9  ( d ,  1H, J  = 8 H z ) ,  1 2 .3 7  ( s ,  1H e x ­

c h a n g e s  w i t h  DgO).

MS(70 eV);  176  (M+ ) ,  148 ,  120 ( b a s e ) ,  9 1 ,  77-

7 .  P r e p a r a t i o n  o f  M o n o k e ta l  L:

0 " U

i .  By t h e  C o re y  P r o c e d u r e :  J

A s i n g l e  n e c k e d  500 mL r o u n d  b o t t o m e d  f l a s k  was c h a r g e d  

w i t h  250 mL o f  b e n z e n e  and  7 0 .1 7  g ( 1 . 1 3 2  m ole )  o f  e t h y l e n e  

g l y c o l .  The s o l u t i o n  was r e f l u x e d  u n d e r  a  D e a n - S t a r k  t r a p  

u n t i l  no more w a t e r  was c o l l e c t e d .  O c t a l i n d i o n e  XLVII ( 2 0 . 1 2  

g ,  0 .1 1 3  m ole )  and  0 .2 1 1 4  g  o f  p - t o l u e n e s u l f o n i c  a c i d  were  

a d d e d .  The r e a c t i o n  m i x t u r e  was r e f l u x e d  u n d e r  a  D e a n - S t a r k  

t r a p  u n t i l  a p p r o x i m a t e l y  2 mL o f  w a t e r  were  c o l l e c t e d .  A f t e r  

c o o l i n g  t h e  r e a c t i o n  m i x t u r e  was w ashed  s e q u e n t i a l l y  w i t h  

s a t u r a t e d  sodium b i c a r b o n a t e  (200  mL), b r i n e  (200  mL), and 

w a t e r  (200  mL). The b e n z e n e  l a y e r  was d r i e d  (MgSO^) and  

c o n c e n t r a t e d  i n  v a c u o . The r e m a i n i n g  o i l  was c h r o m a to g r a p h e d  

on a l u m i n a  I I  and  e l u t e d  w i t h  b e n z e n e  and  t h e n  b e n z e n e - e t h e r  

( 1 : 1 ) .  A m id d le  f r a c t i o n  a f f o r d e d  15*95 g ( 6 6 . 2 $ )  o f  t h e  

m o n o k e ta l  L. mp(EtOAc) 66 -6 7 °C ,  ( l i t . ^ ^  mp 6 6 - 6 7 ° C ) .

I R ( C C l ^ ) ; 3 0 2 5 ( s h o u l d e r ) , 2960 ,  2880 ,  1680,  1660 ,  1610, 1^60 ,  

1440,  1420 ,  1 2 7 0 , 1240, 1 1 5 0 , 1050  cm . -1

NMR(CCl^); 6 1 . 3  ( s ,  3 H ) , 1 . 7  (m, 4 H ) , 2 . 2 5  (m, 6H ) , 3*88 ( s ,  

4 H ) , 5*62 ( s ,  1H).

i i .  By T r a n s k e t a l i z a t i o n  w i t h  2 - b u t a n o n e  e t h y l e n e  k e t a l ^ ^
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A f l a s k  was c h a r g e d  w i t h  2 6 . 6 4  g ( 0 . 1 4 9  mole)  o f  o c t a l i n -  

d io n e  XLVII , 93 -41  g ( 0 . 8 0 5  mole)  o f  2 - b u t a n o n e  e t h y l e n e  k e t a l ^ ^  

1 -9 3  g ( 0 .0 3 1  m ole )  o f  e t h y l e n e  g l y c o l ,  and  0 .5 0 4 3  g o f  

p - t o l u e n e s u l f o n i c  a c i d .  The c o n t e n t s  were  s t i r r e d  a t  a m b ie n t  

t e m p e r a t u r e  f o r  a p p r o x i m a t e l y  26 h ,  t h e n  t r e a t e d  w i t h  2 mL o f  

t r i e t h y l a m i n e  and  d i l u t e d  w i t h  200 mL o f  b e n z e n e .  The b e n ­

z ene  s o l u t i o n  was w ashed  w i t h  w a t e r  and  d r i e d  (MgSO^). V o la -  

t i l e s  were  removed i j i  vacu o  and  t h e  r e s i d u e  was c h r o m a to g r a p h e d  

on  a l u m i n a  I I  and  e l u t e d  w i t h  30% e t h e r  i n  p e t r o l e u m  e t h e r .

T h i s  a f f o r d e d  1 9 -6  g ( 6 l f o )  o f  t h e  m o n o k e t a l  L i d e n t i c a l  w i t h  

t h e  m a t e r i a l  p r e p a r e d  i n  i .

8 . P r e p a r a t i o n  o f  Bromo K e t a l  (R=Br) L I I :

A 100 mL t h r e e  n e c k e d  ro u n d  b o t t o m e d  f l a s k  f i t t e d  w i t h  a  

c o n d e n s e r ,  n i t r o g e n  i n l e t  r e a c h i n g  t o  t h e  b o t to m  o f  t h e  f l a s k ,  

a nd  a  c a l c i u m  c h l o r i d e  d r y i n g  t u b e  was c h a r g e d  w i t h  1 .1 5 3 4  g 

( 0 . 0 0 5 2  mole)  o f  m o n o k e ta l  L,  35 mL o f  d r y  c h l o r o f o r m  and  35 

mL o f  d r y  e t h y l  a c e t a t e .  W i th  n i t r o g e n  b u b b l e d  t h r o u g h  t h e  

s o l u t i o n ,  t h e  f l a s k  was h e a t e d  t o  75-80°C and  2 .3 6 4 4  g  ( 0 . 0 1  

mole)  o f  c u p r i c  b ro m id e  was ad d ed  p o r t i o n w i s e  o v e r  a  2 h p e r i o d .  

A f t e r  t h e  a d d i t i o n  t h e  f l a s k  was h e a t e d  f o r  2 h .  The t a n  

p r e c i p i t a t e  o f  c u p r o u s  b ro m id e  was removed by  f i l t r a t i o n  and 

s o l v e n t s  were  removed i n  v a c u o .  The r e s i d u e  was t a k e n  up 

i n  e t h e r  and  w ashed  w i t h  w a t e r ,  sod ium  b i c a r b o n a t e ,  and  b r i n e .  

The e t h e r  s o l u t i o n  was d r i e d  (MgSOj^) and  c o n c e n t r a t e d  i n  vacuo
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t o  a f f o r d  a  q u a n t i t a t i v e  y i e l d  o f  LIT ( R = B r ) . T h i s  m a t e r i a l  

was n o t  p u r i f i e d  f u r t h e r .  IR was n o t  t a k e n .

NMR(CCl^); 6 1 . 2  (m, 3 H ) , 2 . 3  (m, 8H ) , 3 - 5  and 4 . 3  (two sets 
of t, 4h, J = 6 H z) ,  3 - 9 5  (m, 1 H ) , 5 -7 5  (s, 1H ) .

9 .  P r e p a r a t i o n  o f  C r o s s - C o n j u g a t e d  K e t a l  L I  From 

Bromo K e t a l  L I I  (R=Br):

The m ethod  o f  R. J o l l y  was f o l l o w e d  w i t h  s l i g h t  m o d i f i ­

c a t i o n s . ^  A 100 mL t h r e e  n e c k e d  r o u n d  b o t to m e d  f l a s k  e q u i p p e d  

w i t h  a  m a g n e t i c  s t i r r i n g  b a r ,  c o n d e n s e r ,  and  n i t r o g e n  i n l e t ,  

was c h a r g e d  w i t h  1 .6 1  g ( 0 .0 0 5  m o l e ) . o f  c r u d e  bromo k e t a l  

L I I  ( R = B r ) , 1 .9 0 5 3  g ( 0 . 0 2 5  mole)  o f  l i t h i u m  c a r b o n a t e ,

1 .7 3 4 3  g ( 0 . 0 2  m o le )  o f  a n h y d r o u s ,  l i t h i u m  b r o m i d e ,  ..and 50 mL 

o f  d r y  DMF. The f l a s k  was h e a t e d  a t  l40°C f o r  1 h .  A f t e r  

c o o l i n g  t h e  s o l i d s  were  removed by  f i l t r a t i o n .  The r e s i d u e  

was t a k e n  up  i n  e t h e r  and  washed  w i t h  w a t e r .  A f t e r  d r y i n g  

(MgSO^) t h e  e t h e r  was removed i n  v acu o  t o  a f f o r d  a n  o i l ,

0 .6 3 3 9  g ( 5 7 . 1 ^ ) .  The o i l  c o u l d  be d i s t i l l e d  ( b u l b  t o  b u l b )

i n  vacuo  t o  a f f o r d  O.3229  g ( 2 9 . 1 $ )  o f  w ha t  a p p e a r e d  f rom  
1

t h e  H-NMR t o  be  t h e  d e s i r e d  d i e n o n e  k e t a l  L I .  IR was n o t  t a k e n .  

NMR(CClAj<) ;  6 1 . 3  ( h r  s ,  3H) , 2 . 1  (m, 6H) , 4 . 0  (m, 4 H ) , 6 . 4 - 7 . 5  

(m, 3 H ) . T h e re  were  m a j o r  i m p u r i t i e s  a t  1 . 0  and  2 . 5  ppm.

10. Preparation of a-Phenylseleno Ketal L I I  (R=SePh) •
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73The g e n e r a l  p r o c e d u r e  o f  R e i c h  an d  c o - w o r k e r s ' - '  o r  C a in e  

and  c o - w o r k e r s ^  was f o l l o w e d .  A 100 mL oven  d r i e d  t h r e e  n e c k e d  

r o u n d  b o t t o m e d  f l a s k  e q u i p p e d  w i t h  n i t r o g e n  i n l e t ,  10 mL 

d r o p p i n g  f u n n e l ,  an d  r u b b e r  sep tum  was c h a r g e d  w i t h  1 .9 8 4 3  g 

(O .O I96  mole)  o f  f r e s h l y  d i s t i l l e d  d i i s o p r o p y l a m i n e  and  25 mL 

o f  d r y  THF. To t h e  m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  a t  0°C was

a d d e d ,  by  s y r i n g e  t h r o u g h  t h e  s ep tu m ,  8 . 4  mL ( 0 . 0 2 1 6  mole)  o f

2 . 4  M n - b u t y l l i t h i u m .  The s o l u t i o n  was s t i r r e d  f o r  0 . 5  h 

a t  0°C an d  t h e n  b r o u g h t  t o  - 7 8 ° C .  The mono k e t a l  LI  ( 2 .2 5 4 1  g ,  

0 .0 1 0  m ole )  i n  10 mL o f  THF was a d d ed  d ro p w is e  o v e r  10 m i n u t e s  

and  s t i r r i n g  was c o n t i n u e d  f o r  0 . 5  h  a t  -7 8 °C .  P h e n y l s e l e n e n y l  

c h l o r i d e  ( A l d r i c h )  ( 3 . 6 o 4 8  g ,  0 .0 1 8 8  m ole )  i n  10 mL o f  THF was 

a d d ed  o v e r  10 m i n u t e s  and  t h e  f l a s k  was a l l o w e d  t o  r a a c h  

a m b i e n t  t e m p e r a t u r e  d u r i n g  1 . 5  h .  The r e a c t i o n  m i x t u r e  was 

p o u r e d  o n to  s a t u r a t e d  ammonium c h l o r i d e  and  e x t r a c t e d  w i t h  

e t h e r  (200  mL). The e t h e r  l a y e r  was washed  s e q u e n t i a l l y  w i t h  

10$ h y d r o c h l o r i c  a c i d ,  s a t u r a t e d  sod ium b i c a r b o n a t e ,  and  b r i n e .  

A f t e r  t h e  e t h e r  l a y e r  was d r i e d  (MgSO^) and  e v a p o r a t i o n  i n  

v a c u o , t h e  c r u d e  s e l e n i d e  L I I  (R=SePh) was o b t a i n e d  i n  c a .

70$ y i e l d .  The r e m a i n i n g  m a t e r i a l  i n  t h e  m i x t u r e  was u n ­

c h an g e d  L. The o r a n g e - r e d  s e l e n i d e  L I I  (R=SePh) was n o t

p u r i f i e d  f u r t h e r .

NMR(CCl^); 6 1 . 2 8  ( s ,  3 H ) , 1 . 6 - 2 . 5  (m, 8H),  3 - 8  (m, 4 h ) , 4 . 2  

(m, 1H),  5 . 7 5  ( s ,  1H),  7 . 4  (m, 5 H ) .
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11 .  Preparation of Cross-Conjugated ketal LI From oxidation 
of Selenide LII (R=SePh)j

A 100 mL t h r e e  n e c k e d  r o u n d  "bottomed f l a s k  e q u i p p e d  w i t h  

a  m a g n e t i c  s t i r r i n g  "bar, d r o p p i n g  f u n n e l ,  and  t h e r m o m e t e r  was 

c h a r g e d  w i t h  a p p r o x i m a t e l y  3 - 7 7  g ( 0 . 0 1  mole ) o f  c r u d e  s e l e n i d e  

LII (R=SePh) and  50 mL o f  d r y  e t h y l  a c e t a t e .  An e x p l o s i o n  

s c r e e n  was p l a c e d  i n  f r o n t  o f  t h e  a p p a r a t u s  and 3 -4 9 7 3  g 

( 0 .0 3 0 9  mole)  o f  307S h y d r o g e n  p e r o x i d e  were  ad d ed  d ro p w is e  a t  

0 -5 °C .  The o r a n g e - r e d  s e l e n i d e  t u r n e d  y e l l o w  a f t e r  t h e  a d d i ­

t i o n .  The s o l u t i o n  was s t i r r e d  f o r  0 . 7 5  h a t  a m b i e n t  t e m p e r a ­

t u r e .  The m i x t u r e  was f i l t e r e d  and  p o u r e d  o n to  w a t e r .  The 

o r g a n i c  l a y e r  was washed  w i t h  sod ium b i c a r b o n a t e  and  s a t d .  

sod ium c h l o r i d e .  The o r g a n i c  l a y e r  was d r i e d  (MgSO^) and  

v o l a t i l e s  were  removed.. i n  v a cu o  a f f o r d i n g  1*5562 . g , ( 7 0 . 7%) 

o f  c r o s s - c o n j u g a t e d  k e t a l  LI. T h i s  m a t e r i a l  was a p p r o x i m a t e l y  

70% p u r e  ( f ro m  H-NMR), t h e  i m p u r i t y  b e i n g  u n c h an g ed  k e t a l  L. 
T h i s  m a t e r i a l  r e s i s t e d  a l l  a t t e m p t s  a t  p u r i f i c a t i o n .  A t t e m p t e d  

k e t a l  h y d r o l y s i s  r e s u l t e d  i n  d e c o m p o s i t i o n  o f  LI.
NMR(CCl^); 6 1 -32  ( b r  s ,  3 H ) , 2 . 6  (m, 6H ) , 4 . 0  (m, 4H) ,

6 . 7  (m, 3H).

12 . P r e p a r a t i o n  o f  t r a n s  -  K e to  K e t a l  LVI:

The p r o c e d u r e  o f  G. B a u d u in  was f o l l o w e d  w i t h  some m o d i f i c a ­

t i o n s . ^ 13 a 2 L t h r e e  n e c k e d  ro u n d  b o t to m e d  f l a s k  f i t t e d  w i t h
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a n  a l l  g l a s s  m e c h a n i c a l  s t i r r e r ,  d r y  i c e  c o n d e n s e r ,  and  d r o p p i n g  

f u n n e l  was c h a r g e d  w i t h  1 L o f  l i q u i d  ammonia. To t h e  l i q u i d  

ammonia m a i n t a i n e d  a t  -60°C was a d d e d  2 .1 1 4 6  g ( 0 . 3 0 4  mole)  o f  

l i t h i u m  w i r e  i n  s m a l l  p o r t i o n s .  To t h e  v i g o r o u s l y  s t i r r e d  

b l u e  r e d u c i n g  medium was ad d ed  1 0 .4 8 5 9  g ( 0 .0 4 7  m ole )  o f  k e t a l  

L i n  75 raL o f  d r y  THF. The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  

45 m i n u t e s  a t  -6 0 ° C ,  t h e n  50 mL o f  s a t d .  a q u e o u s  ammonium 

c h l o r i d e  vere a d d e d  and  t h e  ammonia was a l l o w e d  t o  e v a p o r a t e  

o v e r n i g h t .  The c r u d e  p r o d u c t  was t a k e n  up  i n  e t h e r  (500 mL) 

and  washed w i t h  w a t e r ,  t h e n  d r i e d  (KgCO^) and  c o n c e n t r a t e d  i n  

v a c u o . D i s t i l l a t i o n  o f  t h e  r e s i d u e  a f f o r d e d  8 .6 0 7 7  g ( 8 1 . 8 $ )  

o f  LVI. bp  132-137°C (O.if  mm), ( l i t . 69b mp 3 4 - 3 6 ° C ) .

I R ( C C l ^ ) ; 2990 ,  2 9 6 0 , 2890 ,  1710 ,  1465 ,  1180 ,  1050 c m . -1 

NMR(CCl^); 6 1 . 1 5  ( s ,  3 H ) , 1 - 5 - 2 . 5  (m, 1 3 H ) , 3 - 8  ( s ,  4H) .

13 - P r e p a r a t i o n  o f  t r a n s -Enone K e t a l  LV:

The p r o c e d u r e  was s i m i l a r  t o  t h a t  u s e d  i n  e n t r y  10.  T r a n s - 

k e t a l  LVI ( I .0627  g ,  0 .0 0 4 7  m o l e ) ,  0 .6 4 7 4  g  ( 0 . 0 0 6 4  mole)  o f  

d i i s o p r o p y l a m i n e ,  3 - 2  mL (O.OO76 m o le )  o f  2 . 4  M n - b u t y l l i t h i u m  

a n d  50 mL o f  d r y  THF w ere  com bined  a s  p r e v i o u s l y  d e s c r i b e d .

The e n o l a t e  was t r a p p e d  w i t h  0 .9 2 1 1  g  ( 0 . 0 0 4 8  mole)  o f  p h e n y l -  

s e l e n e n y l  c h l o r i d e .  A f t e r  t h e  u s u a l  work up  1 .6 9 4 0  g ( 9 5 - 1 $ )  

o f  t h e  c r u d e  a - p h e n y l s e l e n o  k e t o n e  was o b t a i n e d .  TLC e x am in ­

a t i o n  showed a t  l e a s t  t h r e e  s p o t s ,  b u t  t h e r e  was no s t a r t i n g  

m a t e r i a l  p r e s e n t .  The c r u d e  s e l e n i d e  was o x i d i z e d  i n  t h e
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u s u a l  way: C rude  s e l e n i d e  ( 1 . 6 9 4 0  g ,  0 .0 0 4 5  m ole )  t r e a t e d  w i t h

1 .6 5 4 7  g ( 0 . 0 1 4 6  m ole )  o f  30% h y d r o g e n  p e r o x i d e  i n  25 mL o f

d i c h l o r o m e t h a n e , w i t h  0 . 8  mL o f  p y r i d i n e  a s  b u f f e r ,  a f f o r d e d

1 .2 2 5 2  g o f  c r u d e  p r o d u c t .  TLC i n d i c a t e d  t h e  f o r m a t i o n  o f
1

a  number o f  p r o d u c t s .  H-NMR r e v e a l e d  t h e  p r e s e n c e  o f  t h e  

d e s i r e d  compound a l o n g  w i t h  a  s m a l l  amount o f  mono k e t a l  L,  

and  some s e l e n i u m  c o n t a i n i n g  m a t e r i a l .  The p r e s e n c e  o f  s e l e n i u m  

c o u l d  be  i n f e r r e d  f rom  t h e  H-NMR a b s o r p t i o n  a t  7 - 4  ppm i n d i ­

c a t i n g  some p h e n y l s e l e n o  k e t o n e  h a d  s u r v i v e d  t h e  o x i d a t i o n  

p r o c e d u r e .  Owing t o  t h e  n o n - r e g i o s p e c i f i c  g e n e r a t i o n  o f  t h e  

e n o l a t e  a n i o n ,  and  t h e  p r e s e n c e  o f  s e l e n i u m  c o n t a i n i n g  

p r o d u c t s ,  t h i s  a p p r o a c h  was a b a n d o n e d .

NMR(CCli)>) (100 MHz); 6 1 .1  ( s ,  3H) , 0 . 9 - 2 . 5  ( m i x t u r e  o f  H f rom  

L and  L V ) , 3*9 ( k e t a l  H, m i x t u r e  o f  L and  L Y ) , 5 -6 7  ( d ,  1H, J  

= 1 0 H z ) , 6 . 8 5  ( d ,  1H, J  = 1 0 H z ) , 7 -2 5  (m, 5H, p h e n y l  H from 

s e l e n i u m  c o n t a i n i n g  m a t e r i a l ) .

14.  P r e p a r a t i o n  o f  T r a n s - 1 -me t h o x y - 3 - 1 r im e  t h y 1 s i l y l o x y -

1 , 3 - b u t a d i e n e  L IX : ^

The p r o c e d u r e  o f  D a n i s h e f s k y  and  K i t a h a r a  was f o l l o w e d . ' ^

A 2 L t h r e e  n e c k e d  ro u n d  b o t to m e d  f l a s k  e q u i p p e d  w i t h  a  mech­

a n i c a l  s t i r r e r ,  $ 0 0  mL d r o p p i n g  f u n n e l ,  amd r e f l u x  c o n d e n s e r  

w i t h  K0H d r y i n g  t u b e  was c h a r g e d  w i t h  23 I  g  ( 2 . 2 8 7  mole)  o f  

t r i e t h y l a m i n e  and  4 . 1  g o f  f r e s h l y  pow dered  a n h y d r o u s  z i n c  

c h l o r i d e . The m i x t u r e  was s t i r r e d  f o r  1 h  o r  u n t i l  t h e  L ew is



-190-

a c i d  had  become s u s p e n d e d  i n  t h e  a m in e .  T r a n s - 4 - m e t h o x y - 3 -  

b u t e n - 2 - o n e  LX (101  g ,  1 . 0 0  m ole )  ( f r e s h l y  d i s t i l l e d )  i n  300 

mL o f  b e n ze n e  was a d d e d .  To t h e  c l e a r  s o l u t i o n  was ad d ed  

218 g ( 2 . 0 0 7  m ole )  o f  c h l o r o t r i m e t h y l s i l a n e  d r o p w i s e .  The 

r e a c t i o n  m i x t u r e  t u r n e d  t o  a  b e a u t i f u l  c h e r r y  p u r p l e  and  t h e n  

d eep  r e d .  A f t e r  t h e  a d d i t i o n  ( a b o u t  1 . 5  h)  t h e  r e a c t i o n  m ix ­

t u r e  was h e a t e d  a t  40-50°C o v e r n i g h t .  The c o n t e n t s  o f  t h e  

f l a s k  were  t h e n  p o u r e d  o n to  2 L o f  e t h e r  and  t h e  s u s p e n d e d  

t r i e t h y l a m i n e  h y d r o c h l o r i d e  was removed by  f i l t r a t i o n .  Con­

c e n t r a t i o n  o f  t h e  e t h e r  and  d i s t i l l a t i o n  o f  t h e  r e s i d u e  

a f f o r d e d  116 g ( 67$)  o f  b u t a d i e n e  LIX, 93$ p u r e  by  GC a n a l y s i s ,  

bp  44-45°C ( 1 - 2  mm), ( l i t . ^  bp  54-55°C (5  mm)).

IR(CHC13 ) ;  3030 ,  2985 ,  2950,  2855 ,  1 6 8 0 ( s t a r t i n g  L X ) , 1 6 5 6 , 

1 6 1 8 , 1 5 9 7 , 1 5 6 5 , 1 3 0 0 , 1 2 3 0 , 1 0 1 0 , 950  cm . -1  

NMR(CCl^); 6 0 . 2 3  ( s ,  9H) , 3 - 5 7  ( s ,  3H) , 4 - .0 5 - 4 .2 0  ( b r  s ,  2H) , 

5 . 3 6  ( d ,  1H, J  = 12 H z ) ,  6 .8 1  ( d ,  1H, J  = 12 H z ) .

15* P r e p a r a t i o n  o f  2 - M e t h y l - 2 - c y c l o h e x e n o n e  LXI; ^

The Organic Syntheses procedure of Wamhoff and co-workers 
7 9was f o l l o w e d .  7 A 2 L t h r e e  n e c k e d  r o u n d  b o t to m e d  f l a s k  

f i t t e d  w i t h  a n  a l l  g l a s s  m e c h a n i c a l  s t i r r e r ,  a  d r o p p i n g  f u n ­

n e l ,  and  a  g a s  o u t l e t ,  was c h a r g e d  w i t h  1 0 0 . 3 8  g ( 0 . 8 9 4 8  

mole)  o f  2 - m e t h y l c y c l o h e x a n o n e  LXII i n  500 mL o f  d r y  c a r b o n  

t e t r a c h l o r i d e .  S u l f u r y l  c h l o r i d e  (133  g ,  0 .9 9  m ole )  i n  150 mL 

o f  d r y  c a r b o n  t e t r a c h l o r i d e  was ad d ed  t o  t h e  r a p i d l y  s t i r r e d
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s o l u t i o n  o v e r  a  1 h p e r i o d .  The s l i g h t l y  e x o t h e r m i c  r e a c t i o n  

was m o d e r a t e d  w i t h  a  c o l d  w a t e r  h a t h .  S t i r r i n g  was c o n t i n u e d  

f o r  2 h  a f t e r  t h e  a d d i t i o n .  The s o l u t i o n  was t h e n  washed 

s u c c e s s i v e l y  w i t h  3x150 mL o f  w a t e r ,  2x100 mL o f  s a t d .  a q u eo u s  

sodium b i c a r b o n a t e ,  and  200 mL o f  b r i n e .  The o r g a n i c  l a y e r  

was d r i e d  (MgSO^) and  c o n c e n t r a t e d  i n  v a c u o .  The c r u d e  c h l o r o -  

c y c lo h e x a n o n e  was a d d ed  t o  a  1 L t h r e e  n e c k e d  f l a s k  f i t t e d  

w i t h  a  m e c h a n i c a l  s t i r r e r  and  two r e f l u x  c o n d e n s e r s .  C o l l i d i n e  

( 12 1 .7 1  g,:. 1 . 0 0  m o le )  was ad d ed  an d  t h e  f l a s k  was h e a t e d  t o  

1 4 5 - 1 5 0 ° C . A r a p i d  r e a c t i o n  o c c u r r e d  and  b e n z e n e  was added  

s l o w l y  a s  t h e  r e a c t i o n  c o o l e d .  S o l i d s  were  c o l l e c t e d  and  washed  

w i t h  2x300 mL o f  b e n z e n e .  The b e n z e n e  l a y e r  was washed  

w i t h  2x200 mL o f  10$ h y d r o c h l o r i c  a c i d ,  200 mL o f  s a t d .  

aq u e o u s  sodium c h l o r i d e ,  200 mL o f  s a t d .  a q u e o u s  sod ium b i c a r ­

b o n a t e ,  and  200 mL o f  b r i n e .  The b e n z e n e  l a y e r  was d r i e d  

(MgSO^) and  c o n c e n t r a t e d  i n  v a c u o . The r e s i d u e  was d i s t i l l e d  

t h r o u g h  a  V i g r e u x  column t o  a f f o r d  53*2929 g (5 ^* 1 $ )  o f  

enone  L X I . bp  7 0 - ? 5 ° C  (22  mm), ( l i t . 79 bp  9 8 - 1 0 1 °C (7 7  mm)). 

I R ( n e a t ) ; 2 9 6 0 , 29^0 ,  1 6 7 0 , 1^30 ,  1360  cm. -1  

MVIR(CCl^) ; 6 1 . 7 0  ( b r  s ,  3 H ) , 1 . 9 - 2 . 5  ( m, 6H ) , 6 .6 5  (m, 1 H ) .

16 .  P r e p a r a t i o n  o f  C i s -  £ ^ - 3 , 8 - o c t a l i n d i o n e  XXXVII:, ? 8a , b

The p r o c e d u r e  o f  D a n i s h e f s k y  and  K i t a h a r a  was f o l l o w e d  

w i t h  some m o d i f i c a t i o n s . 7 ^a,t> I n  a  t y p i c a l  l a r g e  s c a l e  e x p e r ­

im e n t  f i v e  h e a v y  w a l l e d  g l a s s  t u b e s  were  f i l l e d  w i t h  a  t o t a l
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o f  2 4 .1 3 1 8  g ( 0 . 2 1 9 4  m o le )  o f  enone  L X I , 1 2 6 .6 2  g ( 0 . 7 3 5 8  m o le ,  

3 -3 5  e q u i v a l e n t s )  o f  b u t a d i e n e  L IX , and  1 . 0 0  g o f  h y d r o -  

q u i n o n e . The t u b e s  were  b l a n k e t e d  w i t h  n i t r o g e n  and  t h e n  

t h e  c o n t e n t s  o f  t h e  t u b e s  were  s o l i d i f i e d  u s i n g  l i q u i d  

n i t r o g e n .  The t u b e s  were  e v a c u a t e d ,  b l a n k e t e d  w i t h  n i t r o g e n ,  

and e v a c u a t e d  a g a i n  b e f o r e  th e y  were  s e a l e d ' i n -v a c u o .

The f i v e  t u b e s  were  h e a t e d  a t  200°C f o r  48 h .  A f t e r  c o o l i n g ,  

t h e  e n t i r e  c o n t e n t s  o f  t h e  t u b e s  were  p o u r e d  o n to  a  r a p i d l y  

m e c h a n i c a l l y  s t i r r e d  m i x t u r e  o f  e t h e r  (700 mL) and  10$ h y d r o ­

c h l o r i c  a c i d  (500  mL) m a i n t a i n e d  a t  0 -5°C .  The s t i r r i n g  was 

c o n t i n u e d  f o r  1 h .  The l a y e r s  were  s e p a r a t e d  and  t h e  a q u eo u s  

p h a se  was e x t r a c t e d  w i t h  400 mL o f  e t h e r .  The combined  e t h e r  

e x t r a c t s  were t h e n  washed  s u c c e s s i v e l y  w i t h  c o l d  10$ sodium 

h y d r o x i d e  (4x500 mL) u n t i l  t h e  d a r k  c o l o r  had  b e e n  removed,  

t h e n  w i t h  2x300 mL o f  b r i n e .  The e t h e r  was d r i e d  (MgSO^) and  

c o n c e n t r a t e d  i n  v a c u o .  The r e s i d u e  was c h r o m a to g r a p h e d  on 

s i l i c a  g e l  and  e l u t e d  w i t h  10 -20$  e t h e r  i n  p e t r o l e u m  e t h e r .  

Unchanged enone  LXI ( 2 . 3 7  g) was r e c o v e r e d  i n  t h e  f i r s t  f r a c ­

t i o n s .  C o n t i n u e d  e l u t i o n  a f f o r d e d  o c t a l o n e  XXXVII ( 1 3 - 5 1  g» 

3 8 . 4 $  b a s e d  on r e c o v e r e d  s t a r t i n g  m a t e r i a l ) .  m p ( e t h e r / p e t r o ­

leum e t h e r )  5 3 -5 5 °C ,  ( l i t . 78a 5 4 - 5 5 ° C ) .

I n  s m a l l e r  s c a l e  e x p e r i m e n t s  t h e  y i e l d  c o u l d  be im proved  t o  

45$ . IR (C H C l^ ) ; 3025 ,  2955 ,  2890, 1710,  1680,  1620,  1460,

1430 c m . -1 NMR(CClij<) ;  6 1 .4 3  ( s ,  3 H ) , 1 . 8 - 2 . 6  (m, 9H) , 5 -96  

( d ,  1H, J  = 10 H z) ,  6 . 6 6  ( d ,  1H, J  = 10 H z) .
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17* P r e p a r a t i o n  o f  T r i k e t o  E s t e r  LXV:'

I n  a  t y p i c a l  e x p e r i m e n t  a  100 mL t h r e e  n e c k e d  r o u n d  

b o t to m e d  f l a s k  e q u i p p e d  w i t h  a  m a g n e t i c  s t i r r i n g  b a r ,  r e f l u x  

c o n d e n s e r ,  n i t r o g e n  i n l e t ,  and  d r y i n g  t u b e ,  was c h a r g e d  w i t h  

3 .6 2 4 7  g ( 0 . 0 2 0 4  mole)  o f  o c t a l i n d i o n e  XXXYII, 4 .6 7 0 5  g 

( 0 . 0 3 5 6  m ole )  o f  t e r t - b u t y l  a c e t o a c e t a t e  L V I I I , 0 .4 7 8 2  g 

( 0 . 0 0 4 2  mole)  o f  s o l i d  p o t a s s i u m  t e r t - b u t o x i d e , and  70 mL o f  

d r y  t - b u t y l  a l c o h o l .  The r e a c t a n t s  w ere  r e f l u x e d  f o r  24 h ,  

t h e n  a d d i t i o n a l  e s t e r  L V I I I  and  b u t o x i d e  ( a p p r o x i m a t e l y  100 

mg e ac h )  were  a d d e d  an d  r e f l u x  was c o n t i n u e d  a n o t h e r  24 h .  

A f t e r  t h i s  t im e  TLC showed s t a r t i n g  m a t e r i a l  had  b e e n  com­

p l e t e l y  consumed. The r e a c t i o n  m i x t u r e  was p o u r e d  o n to  

c h l o r o f o r m  o r  e t h y l  a c e t a t e  and  washed  w i t h  w a t e r .  A f t e r  

d r y i n g  t h e  o r g a n i c  l a y e r  o v e r  sodium s u l f a t e  and  e v a p o r a t i o n  

o f  v o l a t i l e s ,  t h e  c r u d e  e s t e r  was o b t a i n e d  i n  h i g h  y i e l d ,  c a . 

90$ a s  a n  o i l .  T h i s  m a t e r i a l  c o u l d  be u s e d  a s  i s  i n  t h e  

s u b s e q u e n t  s t e p ,  o r  t h e  e s t e r  LXV c o u l d  be c r y s t a l l i z e d  f rom 

e t h e r  o r  e t h y l  a c e t a t e .  T r i t u r a t i o n  o f  t h e  o i l y  e s t e r  LXV-- 

w i t h  e t h e r  r e s u l t e d  i n  t h e  c r y s t a l l i z a t i o n  o f  4 .4 1 2 7  g ( 6 4 . 5 $ )  

o f  p u r e  t r i k e t o  e s t e r  LXV. mp(EtOAc) 243-253°C 

I R ( C C l^ ) ;  2950 ,  1730 ,  1700,  1630,  1530 cm .-1 

NMR(CDC13 ) ;  6 1 . 4 7  ( s ,  9 H ) , 1 . 3 - 3 - 5  (m, 1 9 H ) .
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18.  S y n t h e s i s  o f  1 3 - M e t h y l - 3 » 4 , 5 , 6 , 7 » 8 , 9 > 1 0 , 1 1 , 1 2 , 1 3 -
ftou n d e c a h y d r o - 3 , 7 - p h e n a l e n e d i o n e  L X T II j

I n t o  e a c h  o f  s i x  s e p a r a t e  100 mL t h r e e  n e c k e d  r o u n d  b o t to m e d  

f l a s k s  e q u i p p e d  w i t h  a  m a g n e t i c  s t i r r i n g  b a r ,  n i t r o g e n  i n l e t ,  

r e f l u x  c o n d e n s e r ,  and  c a l c i u m  c h l o r i d e  d r y i n g  t u b e ,  was 

p l a c e d  a  t o t a l  o f  1 1 .7 8  g ( 0 .0 3 5  mole)  o f  c r y s t a l l i n e  t r i k e t o  

e s t e r  LXY ( e q u a l l y  d i v i d e d  i n  t h e  s i x  f l a s k s ) . p - T o l u e n e -  

s u l f o n i c  a c i d  (100  mg) and  70 mL o f  g l a c i a l  a c e t i c  a c i d  were  

p l a c e d  i n  e a c h  f l a s k  and  t h e  c o n t e n t s  were  h e a t e d  a t  80-90°C 

f o r  3 - 5  h- A f t e r  c o o l i n g ,  t h e  r e a c t i o n  c o n t e n t s  were  p o u r e d  

o n to  d i l u t e  sod ium  h y d r o x i d e  and  e x t r a c t e d  i n t o  e t h y l  a c e t a t e . 

The e t h y l  a c e t a t e  was washed  w i t h  b r i n e ,  d r i e d  (MgSO^), and  

c o n c e n t r a t e d  i n  v acu o  t o  y i e l d ,  a n  o i l .  T L C - i n d i c a t e d  t h e  o i l  

was composed o f  two c o m p o n en t s .  The o i l  was c h r o m a t o g r a p h e d  

on s i l i c a  g e l  and  e l u t e d  w i t h  30 fo e t h e r / p e t r o l e u m  e t h e r  

a f f o r d i n g  c r y s t a l l i n e  L X I I I  ( 3 . 1 9 2  g ,  4 1 . 8 f o ) . An a n a l y t i c a l  

sample  was p r e p a r e d  by  two s u b l i m a t i o n s  a t  75-80°C (1 mm), 

mp 84-85°C .  N o te ,  a c e t i c  a c i d  c o u l d  be  r e p l a c e d  w i t h  t r i -  

f l u o r o a c e t i c  a c i d  w i t h  e s s e n t i a l l y  i d e n t i c a l  r e s u l t s .

I R ( C C l ^ ) ; 2920, 1720,  1675.  1620 ,  1550 ,  1430,  1250 c m . -1 

NMR(CCljij<) ; 6 1 . 2 3  ( s ,  3H) , 1 . 5 - 3 - 0  (m, 14H) , 5 -7 9  ( s ,  1H) .

MS(70 eV); 218 (M+ ) , I 9 0 , 1 7 6 , 161 , 148 ,  135 ( b a s e ) ,  134 ,  133,

122,  121 , 1 0 6 , 1 0 5 .

A n a l y s i s :  C a l c u l a t e d  f o r  O ^ H ^ g O g ! C, 7 7 . 0 6 ,  H, 8 .2 5

Found; C, 7 7 - 2 8 ,  H, 8 .30



F u r t h e r  e l u t i o n  o f  t h e  co lumn a f f o r d e d  t r i c y c l i c  a l c o h o l  

IXVI ( 1 . 8 2  g ,  22%), mp(EtOAc) 125-126°C .

I R ( K B r ) ; 3 5 00 ,  2990 ,  1710 ,  1700,  1490,  1470, 1300, 1230 ,  1080,  

1 0 7 0 , 1055 cm . -1

NMR(CCl^); 6 1 . 2 3  ( s ,  3 H ) , 1 . 7 - 3 . 2  (m, 16H ) , 4 . 2 2  ( s ,  1H, e x ­

c h a n g e s  w i t h  DgO).

MS(70 eV); 236 (M+) , 221 ,  218 ,  179 ,  175 , 161 ,  151 , 147 ,  135 ,  

134 ,  133 , 1 3 2 , 1 2 6 , 124 ,  1 2 3 , 1 2 2 , 1 2 1 , 119 ,  H I  ( b a s e ) ,  1 1 0 , 

109 ,  1 0 8 , 107, 105.

19 . P r e p a r a t i o n  o f  Hydroxy Enone LXXI:

To 0 . 5 H 5  g  ( 0 . 0 0 2 3  m ole )  o f  e n e d i o n e  L X I I I  and  50 ml o f  

95% e t h a n o l  i n  a  125 mL f l a s k  e q u i p p e d  w i t h  a  m a g n e t i c  s t i r r i n g  

b a r ,  was ad d ed  0 .0 5 8 3  g  ( 0 . 0 0 1 5  mole)  o f  sod ium b o r o h y d r i d e  i n  

s m a l l  p o r t i o n s  d u r i n g  15 m i n u t e s  a t  0 -5°C .  The r e a c t i o n  c o n ­

t e n t s  were  k e p t  a t  t h i s  t e m p e r a t u r e  f o r  15 m i n u t e s ,  and  t h e n  

s t i r r e d  a t  a m b i e n t  t e m p e r a t u r e  f o r  30 m i n u t e s .  A f t e r  a d d i t i o n  

o f  10 mL o f  10% a c e t i c  a c i d ,  t h e  f l a s k  was h e a t e d  on a  s t e a m  

b a t h  f o r  20 m i n u t e s .  The r e a c t i o n  c o n t e n t s  were  e x t r a c t e d  i n t o  

e t h y l  a c e t a t e  an d  washed w i t h  s a t d .  a q u e o u s  sod ium b i c a r ­

b o n a t e  and  b r i n e .  A f t e r  d r y i n g  t h e  o r g a n i c  l a y e r  w i t h  magne­

s ium s u l f a t e  and  c o n c e n t r a t i o n  i n  v a c u o , a  q u a n t i t a t i v e  y i e l d  

( 0 . 5 1  g) o f  h y d ro x y  enone  LXXI was o b t a i n e d .  TLC i n d i c a t e d  

a  m i x t u r e  o f  i s o m e r s . T h i s  m a t e r i a l  was u s e d  w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .
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IR (C H C l^ ) ; 3 4 0 0 ,  3020 ,  2980 ,  1680 ,  1640 ,  1450 ,  1250, 1050,

1020 cm .- '*'

NMR(CCl^); 6 1 . 2  (m, 3 H ) , 1 . 4 - 2 . 7  (m, 14H) , 3 - 5 - 4 . 0  (m, 2 H ) , 

5 -7  ( s ,  1H).

20 .  P r e p a r a t i o n  o f  D ienone  LXXII;

A p p r o x i m a t e l y  0 .5 1  g ( 0 . 0 0 2 3  m ole )  o f  c r u d e  h y d ro x y  enone

LXXI and  f r e s h l y  p u l v e r i z e d  a n h y d r o u s  p o t a s s i u m  b i s u l f a t e  were

h e a t e d  a t  155°C ( 0 . 2 5  mm) u n t i l  a  y e l l o w  l i q u i d  d i s t i l l e d .  A

h e a t  gun  was u s e d  t o  e x p e d i t e  t h e  d i s t i l l a t i o n  a t  t h i s  p o i n t ,

w h ic h  a f f o r d e d  0 .4 0 3 2  g ( 9 2 . 7$)  o f  d i e n o n e  L X X II .

IR(CCl ij<) ; 3 0 10 ,  2980 ,  1700 ,  1650 ,  I 6 3 0 , 1470,  1450 ,  1250 cm . -1

NMR^Cl^) ; 6 1 . 0 8  ( s ,  3 H ) , 1 . 7 - 2 . 4  (m, 12H ) , 5 - 8  (m, 3 H ) .

T h i s  compound c o u l d  a l s o  be  p r e p a r e d  by  m e s y l a t i o n  o f
8q

LXXI and d e h y d r o m e s y l a t i o n  u s i n g  DBN o r  DBU. O v e r a l l  

y i e l d s  were  l o w e r  u s i n g  t h i s  two s t e p  p r o c e d u r e .

21 .  P r e p a r a t i o n  o f  t r i c y c l i c  E n e d i o l  LXX;

A 300 mL t h r e e  n e c k e d  r o u n d  b o t to m e d  f l a s k  f i t t e d  w i t h  a  

r e f l u x  c o n d e n s e r ,  n i t r o g e n  i n l e t ,  d r y i n g  t u b e ,  50 mL d r o p p i n g  

f u n n e l ,  and  m a g n e t i c  s t i r r i n g  b a r ,  was c h a r g e d  w i t h  100 mL o f  

a n h y d r o u s  e t h e r  and  0 .2 7 1 7  g ( 0 .0 0 7 2  m ole )  o f  l i t h i u m  aluminum 

h y d r i d e .  To t h i s  r a p i d l y  s t i r r e d  s u s p e n s i o n ,  m a i n t a i n e d  a t  

0 -5 °C ,  was a d d e d  o v e r  0 . 5  h 1 .0 0 1  g ( 0 . 0 0 4 5  mole)  o f  e n e d i o n e  

L X I I I  i n  30 mL o f  d r y  e t h e r  and  10 mL o f  d r y  THF. The
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reaction mixture was allowed to return to ambient temperature 
and stirred for 16 h. The flask was then cooled to 0-5°C 

and water (5  mL) was carefully added. The reaction contents 
were continuously extracted using ether or ethyl acetate. The 
organic extract was dried (MgSO^) and concentrated in vacuo 
to afford the desired diol, 0 .7 6 2 3  g ( 7 4 . 9%). The diol LXX 
was used without further purification.
IRCCCl^);  3 3 0 0 - 3 5 0 0 ,  2990 ,  2950 ,  1640 ,  1440,  1300 ,  1030  cm . " 1 

NMRCCCl^); 6 1 . 2 2  (m, 3 H ) , 1 . 0 - 2 . 2  (m, 14H ) , 3 - 7  (m, 2 H ) , 5 -4  

(m, 2H e x c h a n g e s  w i t h  DgO), 6 .1  ( s ,  1 H ) .

2 2 .  S y n t h e s i s  o f  1 3 - M e t h y l - 5 » 8 , 9 i l O , 1 1 , 1 2 , 1 3 -

h e p t a h y d r o p h e n a l e n e  LXVII;̂

E n e d i o l  LXX ( 0 .7 6 2 3  g ,  0 .0 0 3 4  m ole )  and  f r e s h l y  p u l v e r i z e d  

p o t a s s i u m  b i s u l f a t e  ( 4 . 6 5  g ,  0 . 0 3 4  m ole )  were  combined  and  

d i s t i l l e d  a t  150-170°C ( 0 . 2 5  mm) t o  a f f o r d  O.3917  g (6 1 .3 9 0  

o f  a  two component  m i x t u r e  (TLC). The m i x t u r e  was s e p a r a t e d  

by  p r e p a r a t i v e  l a y e r  c h r o m a t o g r a p h y  ( e l u t i o n  w i t h  p e t r o l e u m  

e t h e r )  t o  a f f o r d  0 .2 4 3 7  g (38 .2%) o f  t r i c y c l i c  t r i e n e  LXVII 

and  O.O65 I  g o f  d i e n o l  LXXIV. D i e n o l  LXXIV c o u l d  be c o n v e r t e d  

t o  t r i e n e  LXVII by  t r e a t m e n t  w i t h  p o t a s s i u m  b i s u l f a t e .  Gas 

c h r o m a t o g r a p h i c  a n a l y s i s  showed t h a t  t r i e n e  LXVII was v e r y  

s l i g h t l y  c o n t a m i n a t e d  w i t h  t h r e e  o t h e r  c o m p o n en t s .  

U V ( c y c l o h e x a n e ) ; 239  nm ( £  = 1 4 0 8 0 ) .

IR(CCljt^) ; 3050 ,  2 9 50 ,  2920 ,  1650, 1600 ,  1550, 1450 cm . -1
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^-NMRCCDCLj) 5 6 0 . 9 8  ( s ,  3H),  1 . 5 - 2 . 2  (m, 10H) , 5 - 3 - 6 . 3  (m, 5 H ) . 

13C-NMR(CDC13 ) ; 6 2 0 .5 8 0  ( GH^) .  2 6 . 2 3 7 ,  2 9 - 0 1 7 ,  2 9 . 5 2 9 , 3 1 . 2 1 2 ,  

3 3 - 1 8 6 ,  3 5 -7 ^ 7  (C1 3 ) ,  4 4 . 4 0 3  ( C y ? ) ,  1 2 3 . 7 0 2 ,  1 2 4 .1 3 9  (Two C -a to m s  

f o r  t h i s  s i g n a l ) ,  1 2 9 . 6 2 5 , 1 3 0 .4 7 8 ,  1 4 3 .5 7 7  (C ^ ) .

MS(70 eV);  186 (M+ ) ,  171 ,  145 ,  143 ,  129 C h a s e ) ,  128 ,  118 ,  1 1 7 , 

115.  91 ,  77.
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